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SUGARBEET RESEARCH is an annual compilation of research 
accomplishments by Agricultural Research Service investigators 
and cooperators who are engaged in sugarbeet variety and pro- 
duction research. The report has been assembled by Dr. John S. 
McFarlane, Technical Advisor for sugarbeet variety and produc- 
tion research in the Western Region of the Agricultural Research 
Service. The report has been reproduced at the expense of the 
Beet Sugar Development Foundation, and is for the ae use of 
the cooperators. Much of the data has not been sufficiently 
confirmed to justify general release and interpretations may be 
modified with additional experimentation. The report is not 
intended for publication and should not be used for cited refer- 
ence nor quoted in publicity or advertising. Reproduction of 
any portion of the material contained herein will not be permitted 
without the specific consent of the contributor or contributors. 

The report presents results of investigations strengthened 
by contributions received under Cooperative Agreements between 
Agricultural Research Service, U.S. Department of Agriculture, 
and the Beet Sugar Development Foundation; the California Beet 
Growers Association, Ltd.; the Farmers and Manufacturers Beet 
Sugar Association; and the Red River Valley Sugarbeet Growers 
Association, Inc. 

Trade names occur in this report solely to provide specific 


information and do not signify endorsement by the U.S. Department 


of Agriculture or the Beet Sugar Development Foundation. 
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ABSTRACTS OF PAPERS APPROVED FOR PUBLICATION 


BEATTY, K. D. and C. F. EHLIG. A technique for testing and selecting 
for salt tolerance in sugarbeet. (Approved by ARS for publication in 
J. Am. Soc. Sugar Beet Technol.) 


A simple and reproducible technique in sand culture was developed 
for evaluating the salt tolerance of sugarbeets at the stages of seed 
germination and seedling emergence. Mean germination and the standard 
deviation of the mean with sand culture were the same as with petri 
dishes. Sand culture permitted easy transfer of seedlings to other 
containers for propagation. The technique could be used to evaluate the 
salt tolerance of other crops in addition to sugarbeets. 


BENNETT, C. W. A consideration of some of the factors important in the 


growth of the science of plant pathology. Ann. Rev. Plant Pathol. 
(In press). 


The author reviews the early history of plant virus research and 
of the American Phytopathological Society. 


BUGBEE, WILLIAM M. Pectolytic enzyme production by Phoma betae. Can. 
ee Cee Us O17 09.6 ol ee 


Phoma betae from decayed sugarbeet storage root tissue grew most 
rapidly in culture at 15C but produced more polygalacturonase (PG) at 
20C. When the fungus was supplied with six different nitrogen sources, 
it produced the most PG on (NH,)9S0,4. 


Assays of dialyzed culture filtrates using sodium polypectate and 
pectin or cell wall material from storage roots as the carbon sources 
showed the production of exopolygalacturonase (exo-PG) and endopoly- 
galacturonate trans-eliminase (endo-PGTE). No pectin methyl esterase 
was detected. Exo-PG and endo-PGTE also were present in decayed sugar- 
beet tissue. Only endo-PGTE was detected within 3 mm of tissue surround- 
ing the rotted area. 


In culture, cell wall material from the susceptible variety A58 
induced more endo-PGTE formation than the resistant 2B. But 2B induced 
more exo-PG formation than A58. It is suggested that endo-PGTE plays a 
major role in cell wall degradation because pH 7.5 was optimum for tissue 
maceration and pH 8.5 for enzyme activity and the advancing margins of 
rotted tissue contained only endo-PGTE. 


BUGBEE, W. M. Sucrose and cell walls as factors affecting Phoma storage 
rot of sugarbeet. Phytopathology (In press). 


Sucrose concentration and resistance of sugarbeet storage roots to 
Phoma betae increased with age. Growth of P. betae on isolated cell 
wall material in culture also increased with the age of roots, but the 
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production of endopolygalacturonate trans-eliminase (endoPGTE) decreased 
up to 142 days, then increased. Cell walls from a fodder cultivar in- 
duced more endoPGTE than cell walls from two sugar cultivars. Commercial 
cultivars that were higher in sugar remained resistant, whereas the low 
sugar, fodder cultivar became more susceptible. 


There was a significant negative correlation between the sucrose 
percentage and disease rating of defoliated and nondefoliated plants. 
Phoma betae produced more endoPGTE when cultured on cell wall material 
from defoliated than from nondefoliated plants. Enzyme production was 
not affected by sucrose percentage of root tissue or cultivar. Individual 
roots that expressed a resistant reaction to P. betae usually had a high 
sucrose percentage. But the association of resistant roots with resist- 
ance to maceration by culture filtrates and the production of endoPGTE 
on isolated cell wall material suggest that the properties of cell walls 
as well as sucrose content affect pathogenesis and the activity of 
endoPGTE. 


BUGBEE, W. M. Resistance in Beta vulgaris to phoma storage rot in the 
North Central region. Plant Dis. Reptr. (In press). 


A survey of sugarbeet cultivars being introduced or grown in the 
Red River Valley of North Dakota and Minnesota shows that none possess 
resistance to storage rot caused by Phoma betae. Selection for resist- 
ance should be done at 20-25C because varietal differences may not be 
apparent at 10-15C. 


DUFFUS, JAMES E. Infectivity neutralization and membrane feeding: 
serological comparison of circulative viruses. Intern. Virol. 2: 253-254. 


Proc. 2nd Intern. Congr. Virol. 1971. 


A number of viruses which are transmitted circulatively by their 
aphid vectors have certain host plants and host reactions in common 
(beet western yellows virus, beet mild yellowing virus, potato leaf roll 
virus, turnip latent virus, Physalis mild chlorosis virus, turnip yellows 
virus, malva yellows virus, etc.). Others have distinctive host reactions 
but have very similar vector relationships (barley yellow dwarf virus, 
carrot red leaf virus, filaree red leaf virus, etc.). Valuable in virus 
diagnosis as are such criteria as vector relations, symptom expression, 
and host range, there is sufficient ambiguity in many results to indicate 
the need for independent evidence such as serological evidence. The 
specificity of serological reactions would make serological diagnosis 
especially valuable for these yellowing type viruses. Neutralization of 
infectivity by immune sera, tested by using insect vectors fed through 
membranes on the virus-antiserum reactants has been shown to be extremely 
sensitive and to have application for the study of the relationships of 
several circulative insect-transmitted viruses. 
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DUFFUS, JAMES E. and G. E. RUSSELL. Serological relationship between 


beet western yellows and turnip yellows viruses. Phytopathology 62: 
$274-12775" 1972. 


A possible relationship between beet western yellows virus (BWYV) 
and turnip yellows virus (TuYV) was indicated by the similarities of 
symptom expression and transmission characteristics of the two viruses, 
and was further supported by the recent demonstration of the occurrence 
of BWYV in Europe. A TuYV isolate from turnip in England was trans- 
mitted by Myzus persicae to Capsella bursa-pastoris and studied in regard 
to host range, transmission, and serology. The reaction on certain key 
indicator hosts was similar to that of English isolates of BWYV. Beta 
vulgaris, Raphanus sativus, Brassica pekinensis, Chenopodium capitatum, 
and Sonchus oleraceus were immune to TuYV, and Brassica rapa, Lactuca 
Sativa, Capsella bursa-pastoris, Nicotiana clevelandii, Senecio vulgaris, 
and Claytonia perfoliata were susceptible. TuYV was readily transmitted 
by M. persicae, which had acquired virus by feeding on clarified sap 
through artificial membranes. In density-gradient columns containing 
sap from infected plants, the positions of infectious zones corresponded 
closely with those in gradients containing BWYV. Antisera’ prepared 
against eight strains of BWYV from America and England neutralized 
infectivity of TuYV. Antisera prepared against TuYV from England neutral- 
ized infectivity of nine BWYV strains from America and England and TuYV 
isolates from England and Germany. The results of these investigations 
establish a close serological relationship between BWYV from America and 
England and TuYV from turnip in England and Germany. 


HECKER, R. J., TALAT BILGEN, P. S. BHATNAGAR, and G. A. SMITH. Tests 


for chemical induction of male sterility in sugarbeet. Can. J. Plant 
Sei 2957-9406 f1972% 


We conducted four greenhouse and field experiments on the evalua- 
tion of 2-chloroethylphosphonic acid (Ethrel), estrone, dimethylarsinic 
acid, and 2,3-dichloroisobutyrate (FW-450) as male gametocides on sugar- 
beet (Beta vulgaris L.). Estrone induced a significant amount of pollen 
sterility in three genotype-treatment combinations, but the amount of 
emasculation was not sufficient or consistent enough to be of practical 
value. Dimethylarsinic acid had no gametocidal effect. FW-450 effected 
the greatest amount of pollen sterility, but was considered inadequate 
as a commercial gametocide. Ethrel induced varying amounts of pollen 
sterility, dependent upon genotype. At 200 ppm it was phytotoxic and 
reduced seed yield drastically. It is doubtful that Ethrel will be 
useful as a gametocide in sugarbeet. 


LEWELLEN, R. T. Inheritance of beet mosaic virus resistance in sugarbeet. 
(Accepted for publication by Phytopathology) 


An annual line of sugarbeet (Beta vulgaris) was shown to be a 
source of beet mosaic virus (BMV) resistance. Inheritance studies 
indicated that one incompletely dominant gene, Bm, conditioned resist~- 
ance. Local lesion counts on Chenopodium amaranticolor from BMV infected 
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sugarbeet sources showed that the concentration of virus was reduced by 

the Bm gene and that the heterozygous Fj was intermediate in concentration. 
Bm was specific against all isolates of BMV tested but appeared to have 

no effect on systemic infection by other beet viruses. 


MAAG, G. W., R. J. HECKER, and P. A. WHITAKER. Nitrogenous compounds in 
sugarbeet juices. (Accepted for publication by J. Am. Soc. Sugar Beet 
Technol.) 


Juices from sugarbeets (Beta vulgaris L.), grown at three nitrogen 
(N) fertility levels, were analyzed for individual N constituents. Over 
93% of the total N was identified in twenty-one amino acids, two amides, 
betaine, ammonia, and nitrates. The amino N in the amino acids and 
amides accounted for about 33% of the total N; glutamic acid and gluta- 
mine contained about 63% of the amino N. Up to 36% of the total N was 
found in betaine, a nitrogenous base. The total N and amino N showed a 
significant increase with each N fertility increase. Betaine N did not 
increase significantly because of N fertility treatments; ammonium and 
nitrate N each showed a significant difference between the low and high 
N treatments only. 


MAAG, G. W., D. M. RASMUSON, R. J. HECKER, and E. G. RUPPEL. Amino 


acids associated with Cercospora leaf spot resistance in sugarbeet. 
(Approved by ARS for publication in Phytopathology) 


Twenty-two amino acids and two amides were determined quantitatively 
by automated analysis of leaves collected on three sampling dates from 
six field-grown and disease-free sugarbeet cultivars. The cultivars were 
selected to give a wide range of resistance to Cercospora beticola. 
Results showed L-3,4-dihydroxyphenylalanine (DOPA) to be significantly 
higher in the resistant cultivars at all sampling dates. L-glutamic 
acid was significantly higher in the susceptible cultivars. Use of a 
linear summary variate based on glutamic acid and DOPA data showed the 
probability of correctly classifying a cultivar as resistant or suscep- 
tible was .813. The mode of action of the amino acids in the disease 
mechanism was not determined. 


McFARLANE, J. S. Factors affecting sugarbeet seed germination in 
North America. (Approved by ARS for publication in J. of the Intern. 


Inst. for Sugar Beet Research) 


A review paper discussing research on cultural and environmental 
influences on germination, inhibitory substances, physical restrictions 
on germination, underdeveloped seeds, seed maturity and harvesting, and 
heritable differences in germination. 


MUMFORD, DAVID L. A new method of mechanically transmitting curly top 
virus. Phytopathology 62: 1217-1218. 1972. 


Curly top virus was mechanically transmitted to sugarbeet by an 
injector instrument normally used in human mass immunization programs. 
Fifty per cent infection was obtained when 48-day-old plants were inocu- 
lated with a single injection into the crown of each plant. 
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SMITH, G. A. and R. J. HECKER. Components of yield of recoverable sugar 


in_ random and improved sugarbeet populations. (Approved by ARS for 
publication in Can. J. Plant Sci.) 


Path coefficient analyses indicated that selection and other breed- 
ing procedures alter the relative importance of characters that determine 
recoverable sugar yield in sugarbeet. 


Root weight was a more important yield component than sucrose 
percentage and over twice as important as purity in an unselected 
population. 


Root weight and sucrose percentage contributed about equally in 
improved populations, but the importance of both to recoverable sugar 
was substantially greater than in the unselected population. Purity was 
about twice as important a component in the improved population as it 
was in the unselected population. Results suggest that the emphasis of 
breeding programs will need to change with changes in the genetic 
structure of the improved population. 


Because of the lack of negative indirect effects in the commercial 
population, the association of recoverable sugar and sucrose % was nearly 
twice as high as compared to the relatively unimproved random hybrid 
population. 


SMITH, G. A., R. J. HECKER, G. W. MAAG, and D. M. RASMUSON. Combining 


ability and gene action estimates in an eight parent diallel cross of 
sugarbeet. (Accepted for publication by Crop Sci.) 


Twenty-eight Fy hybrids from an 8 parent diallel cross grown at 
two nitrogen fertility levels were analyzed for type of gene action 
controlling eleven sugarbeet (Beta vulgaris L.) characters. Nonadditive 
genetic variance was of prime importance in controlling root weight 
under low and high nitrogen levels, accounting for 51% and 68% of the 
total genetic variance, respectively. For recoverable sugar, non- 
additive genetic variance accounted for 67% and 83% of the total genetic 
variance under low and high nitrogen. Additive genetic variance accounted 
for most of the genetic variance for sucrose percentage and root/shoot 
ratio. Both additive and nonadditive genetic variance were significant 
for thin juice purity %, but only at the high nitrogen fertility level. 


Additive genetic variance was predominant for six nonsucrose com- 
ponents of purified juice. In addition, significant amounts of non- 
additive gene action were found for all six nonsucrose components at one 
or both nitrogen levels. Betaine was the least affected by change in 
nitrogen of all the characters measured. 
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STEELE, A. E., J. THOMPSON, and G. WHEATLEY. Depth of application and 


efficacy of soil nematicides for controlling Heterodera schachtii. 


Plant Dis. Reptr. 55: 1101-1105. 1971. 


In three separate tests, deep applications of 1,3-dichloropropene, 
1,2-dichloropropane mixture at 14-18 inches below the soil surface failed 
to significantly increase control of Heterodera schachtii Schmidt 1871 on 
sugarbeet or broccoli. Control of the sugarbeet nematode was obtained by 
20, 25 or 30 gal./A of these chemicals, although significant differences 
between chemicals or rates of application were not apparent. Yields of 
sugarbeet and sucrose in treated plots were similar to those in untreated 
plots in one test and significantly better than untreated plots in 
another test. The highest yields of broccoli were obtained from plots 
treated with 30 gal./A of 1,3-dichloropropene applied 18 inches below 
the soil surface. 


STEELE, A. E. Orientation and development of sugarbeet nematode larvae 
on tomato and sugarbeet. J. Nematology 3: 424-426. 1971. 


A study was made to clarify and extend the information on orienta- 
tion and development of larvae on tomato and sugarbeet. Second stage 
larvae, third and fourth stage males, and young adult males of Heterodera 
schachtii were found on the external surfaces of primary and secondary 
roots of sugarbeet and tomato examined at intervals of 20 - 117 days 
after inoculation with cysts containing eggs and larvae. There was a 
great variation in the degree of penetration of larvae within host roots 
so that their parasitic habit varied from complete endoparasitism to 
nearly complete ectoparasitism with only the cephalic region buried in 
the root. All of the larvae external to the roots which were sexually 
differentiated were males with the exception of a single third stage 
female. The number of male larvae on root surfaces never exceeded an 
estimated 10% of the total population on a given plant. All stages of 
male larvae were found external and attached to lateral roots of sugar- 
beets obtained from a commercial field at harvest, 6% months after 
planting. Counts revealed that 46% of the larvae were oriented with their 
anterior ends toward the root tip, 44% with their anterior ends toward the 
hypocotyl and 10% were oriented nearly perpendicular to the root axis. 
Since males are located more superficially on host-plant roots than 
females, successful development of the latter may be greatly influenced 
by factors affecting penetration of host roots. 


STEELE, A. E. Invasion of non-host plant roots by larvae of the sygarbeet 


nematode Heterodera schachtii. J. Am. Soc. Sugar Beet Technol. 16: 
457-460. 1971. 


An investigation established that larvae of the sugarbeet nematode 
readily penetrates diverse non-hosts, such as sunflower, morning glory, 
parsley, egg plant, celeriac, and sweet pea, but does not develop to 
maturity on these plants. This finding suggests the possibility that 
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many non-hosts may, to some extent, trap migrating second-stage larvae, 
and that even in non-hosts, invading larvae may provide an avenue for 
invasion of pathogens. Mature females with developing eggs were found 

on at least one plant of each of three 'non-host' species. This suggests 
that such occasional development of the sugarbeet nematode on highly 
resistant species can, and perhaps does, maintain localized areas of low 
level infestations which became detectable only after continuous cropping 
of susceptible host plants. On the other hand, truly immune plants, when 
used in rotations may actually reduce the nematode population at much 
greater than normal decline rate by having a trap-crop effect. 


STEELE, A. E. Morphological changes in roots of sugarbeet and tomato 
infected with Heterodera schachtii Schmidt 1871. J. Am. Soc. Sugar Beet 


Technol. 16: 561-567. 1971. 


Examination of roots of sugarbeet and swiss chard revealed that 
these roots frequently contain breaks in the cortical tissues which vary 
from fine fissures to cracks and showed extensive sloughing of the 
epidermis and cortical parenchyma (normal occurrences). Both infected 
and non-infected roots often contained deep cracks which extended through 
the cortex to the central cylinder. Deep cracking frequently occurred in 
areas where roots were bent or twisted out of line with the root axis. 

In many instances, swollen female sugarbeet nematodes were found deep 
within cracks and within the shallow rifts where lateral roots emerged 
from tap roots. A total of 12 maturing juvenile males and females were 
found within a single elongated rift in the hypocotyl of a sugarbeet 

17 days after transplanting to soil infested with 50 cysts. The plant 
was extremely stunted and the roots were heavily parasitized by larvae. 
Roots of resistant B. patellaris and immune B. webbiana grown in infested 
or sterilized soil for 20 to 40 days showed extensive sloughing of 
epidermis without sloughing of cortical parenchyma or formation of rifts. 
These abnormal changes in the gross morphology of infected sugarbeet 
roots have never been reported in the literature. 


STEELE, A. E. The influence of dilution on the hatching activity of 
sugarbeet-root diffusate. J. Am. Soc. Sugar Beet Technol. 16: 575-576. 
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A test established that cumulative hatch from cysts of the sugarbeet 
nematode is proportional to the log of the concentration of sugarbeet- 
root diffusate. Data also indicated that diffusate can be diluted to as 
much as 10 percent of its original concentration without significantly 
affecting its hatching activity. Consequently, with collection techniques 
used at this laboratory, concentration of hatch factor is not considered 
to be of critical importance to the standardization of hatching tests. 

The data demonstrate that host-plant diffusates of the sugarbeet nematode 
and the golden nematode of potato, while highly specific, show the same 
mathematical relationship between concentration and effect. This suggests 
that while their direct primary influences may differ, they may ultimately 
affect the same physiological process essential to hatching in these 
nematode species. 
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STEELE, A. E. Development of Heterodera schachtii on large rooted crop 


plants and the significance of root debris as substratum for increasing 
field infestations. J. Nematology 4: 250-256. 1972. 


Heterodera schachtii developed to maturity and reproduced on the 
lateral roots of defoliated sugarbeet which were buried to a depth of 
2.5 cm in sterilized soil and inoculated with cysts. Nematodes did not 
develop on detached lateral roots or on roots of young defoliated beets 
which did not have a large tap root. The storage roots of large rooted 
plants were sliced, placed in small jars, inoculated with cysts, covered 
with moist granulated agar or soil and incubated at 24°C 12-62 days. 
The sugarbeet nematode developed in root slices of sugarbeet, red table 
beet, icicle and globe radish, turnip and rutabaga. Only a few males 
developed on slices of potato tubers. Neither males nor females developed 
on root slices of carrot, salsify or parsnip. H. schachtii also developed 
on the cut surfaces of growing sugarbeet and radish. 


STEELE, ARNOLD E. The effects of hot water treatments on survival of 
Heterodera schachtii Schmidt, 1871. (Accepted for publication by J. 
Nematology) j 


Heterodera schachtii cysts were treated in a water bath at constant 
temperatures ranging from 45 C - 62.5 C for time intervals ranging from 
1 sec. to 28 hrs. Treated and untreated cysts were incubated 8 weeks in 
sugarbeet root diffusate at 24 C to initiate hatching and emergence of 
surviving larvae. Within the temperature range of 49 C - 54 C, the 
minimum lethal temperature was proportional to the log time of treatment. 
No larvae emerged from cysts exposed 10 seconds to 60 C. Although 
treatment of cysts 8 hours at 45 C significantly reduced emergence, 
increasing the treatment period to 28 hours did not completely suppress 
emergence. 


STEELE, A. E. Evaluation of cyst selection as a means of reducing varia- 


tion in sugarbeet nematode inocula. (Accepted for publication by J. Am. 
Soc. Sugar Beet Technol.) 


A study was undertaken to determine if selection and storage of 
cysts at low temperatures effectively increases hatch potential. Hatching 
was greater for brown cysts than for the precystic females. Significantly 
greater numbers of hatched but not emerged larvae were found within "full" 
cysts than were found within "partially evacuated" cysts. In addition, 
significantly greater numbers of larvae emerged from "full" than 
"partially evacuated" cysts treated with either tap water or diffusate. 
Significantly fewer larvae hatched from loose eggs than from eggs which 
remained clumped after removal from cysts. 


Hatching was increased by the use of diffusate in place of tap water 
with the increase being much greater for cysts stored at 24 C than 5 C. 


Minimum and maximum numbers of larvae emerged from individual cysts 
were 1 and 656 larvae, respectively. The mean number of larvae emerged 
per cyst amounted to 255. Statistical analysis of the data revealed 
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that under a similar set of conditions, the mean would fall between 

216 and 294 with a probability of 95 percent. The prediction of the 
population mean to within 5 percent of its actual value would require 
the utilization of 20 hand-picked cysts. At termination of the test, 
11 cysts contained only eggs, 20 cysts contained only larvae, 174 cysts 
contained eggs and larvae, and 200 cysts were empty. 


WHITNEY, E. D. and D. L. DONEY. The effects of soil types, inoculum 
levels, fertilizers, and water regimes on the development of Heterodera 


schachtii on selected lines of sugarbeet. (Approved by ARS for publica- 
tion in J. Am. Soc. Sugar Beet Technol.) 


Of five variables studied (soil type, inoculum level, watering 
regime, soil fertility, and nitrogen source), soil type and inoculum 
levels had the largest effect on the plant-to-plant variation in number 
of nematode cysts per plant. High proportions of sand increased inoculum 
efficiency and reduced variation in number of nematode larvae per plant. 
A low inoculum level of 0.4 larvae per g of soil reduced the variation 
in number of nematode cysts per g of soil after 4 months of reproduction 
on sugarbeet. Normal fertility reduced nematode reproduction but had no 
effect on plant-to-plant variation in number of nematode cysts. Low 
fertility tended to increase the effect of the nematode by increasing 
nematode reproduction and decreasing yield of sugarbeet. Source of 
nitrogen and watering regime had no effect on population buildup or 
variation in the number of cysts per plant. 


ZIELKE, R. C. and G. J. HOGABOAM. Powered auger aids in planting mother 
beets. J. Am. Soc. Sugar Beet Technol. 16: 605-606. 1971. 


Transplanting sugarbeet mother roots into seed increase plots can 
be a laborious job, especially when holes are dug manually with a spade 
or shovel. By using a small, powered, post-hole auger, the manual labor 
involved can be considerably reduced. 


ZINK, F. W. and JAMES E. DUFFUS. Association of beet western yellows 


and lettuce mosaic viruses with internal rib necrosis of lettuce. 
Phytopathology 62: 1141-1144. 1972. 


The internal rib necrosis (IRN) disease of Lactuca sativa L. 'Climax' 
that caused considerable damage in the Imperial Valley of California in 
1969 was associated with two viruses prevalent in the area. Both beet 
western yellows virus (BWYV) and lettuce mosaic virus (LMV) were recovered 
from Imperial Valley lettuce cultivar Climax severely affected with IRN. 
The disorder was not reproduced in IRN-susceptible cultivars Climax and 
Vanguard by infection with BWYV. Infection with LMV produced IRN symptoms 
in a relatively low percentage of Climax plants, but none in Vanguard. 

The incidence of IRN was higher in both Climax and Vanguard when infected 
with the combination BWYV + LMV. A synergistic effect on the growth of 
Climax and Vanguard was observed when both viruses were present. The 
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IRN-resistant cultivars Great Lakes 118 and Calmar did not exhibit a 
synergistic response to the combination of the viruses. The genetic 
relationship of IRN-susceptible cultivars and the etiology of the disease 
on the basis of the combination of BWYV + LMV are discussed. 


ZINK, F. W., JAMES E. DUFFUS, and K. A. KIMBLE, Relationship of a 
non-lethal reaction to a virulent isolate of lettuce mosaic virus and 


PY Re I ae RE OTTER a eee ee 
turnip mosaic susceptibility in lettuce. (Accepted for publication by 


J. Am.bSoce bork. Sci) 


A mosaic disease of Lactuca sativa L. is described and the causal 
agent identified as a new virulent isolate of lettuce mosaic virus (LMV). 
The reservoir of infection was bristly oxtongue, Picris echioides L. 
Lactuca sativa L. cvs. Gallega, Calmar, Imperial 410, and Bibb systemi- 
cally infected with virulent LMV did not transmit the virus through the 
seed. A survey of L. sativa cultivars indicated that the non-lethal 
reaction to the virulent isolate is restricted in the crisphead type to 
cultivars that are turnip mosaic virus (TuMV)-susceptible and downy 
mildew-resistant. A similar relationship was found in L. serriola lines, 
The non-lethal reaction is conferred by dominant complementary genes. 
'Gallega' reported to be resistant to common LMV was found to be suscep- 
tible to systemic infection by the virulent LMV isolate. 
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SUMMARY OF ACCOMPLISHMENTS, 1972 


BOLTING RESISTANCE OF US _H9 AND US H10 HYBRIDS--Results of 1970 and 

1971 comparative bolting tests between US H9 and US H10 hybrids were 
inconclusive. Even though C17, the pollen parent of US H10, was con- 
sistently superior to C13, the pollen parent of US H9, this superiority 
was not always evident in the hybrids. In 1972 a group of commercial 

seed increases of US H9 and US H10 hybrids were evaluated for bolting 
resistance in a November 18 planting at Salinas. The 1972 season was 
favorable for the induction of bolting and on September 5 bolting 

averaged 13.3% for the entire test (page B10). Six 1971 seed increases 

of the US H10 hybrids were superior to two 1969 increases of the US H9 
hybrids. Increases of the US H10 hybrids made in 1969 proved more bolting 
susceptible than 1971 increases and were similar in resistance to the 1969 
increases of US H9. The results indicate that the bolting behavior of a 
seed lot may be affected by environmental conditions during the growing 
season as well as by heredity. Additional studies are planned to deter- 
mine the effects of the environment on bolting. 


In the 1972 test no differences were observed in root yield and 
sucrose percentage among the various seed lots of the US H9 and US H10 
hybrids. J. S. McFarlane, .I. 0. Skoyen, R. T. Lewellen. 


DIPLOID-TRIPLOID COMPARISONS --Additional comparisons were made between 
hybrids that utilized the diploid C13 and tetraploid C17 lines as pollen 
parents (page B18). There were no significant differences for sugar 
yield, root yield, or sucrose percentage between the corresponding diploid 
and triploid hybrids. A triploid hybrid (Monohil) from Sweden produced a 
Significantly higher sucrose percentage than did most California-developed 
diploids and triploids. It was inferior in both root yield and sugar 
yield. A triploid from England was similar to the California hybrids in 
sugar percentage but inferior in both root yield and sugar yield. J. S. 
McFarlane, I. 0. Skoyen, R. T. Lewellen. 


YELLOWS RESISTANCE--Lines and hybrids derived or partially derived from 
the virus yellows breeding program were evaluated for performance, yellows 
resistance, and bolting resistance at Salinas, Brawley, and in sugar com- 
pany tests throughout California. The results of these tests are presented 
in tabular form in this section. In tests 6 (page B19) and 7 (page B21), 
yellows selected self-sterile lines and 3-way hybrids were evaluated under 
yellows inoculated and noninoculated conditions. A combination of BYV-7 
and BWYV-C71 was used. In test 6, significant interactions occurred for 
sugar yield and beet yield. In test 7, significant interactions also 
occurred for percent sucrose, percent bolting, and percent root rot. In 
test 6, yellows infection caused sugar yield losses from 16% for 117H45 

to 39% for US H7A. Most of the hybrids showed losses that were not sig- 
nificantly different from the mean. This narrow range is probably caused 
by the use of pollinators, e.g-, 813(C17), YO4, and Y01, with nearly equal 
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yellows resistance. In test 7, the mean sugar yield loss is nearly the 
Same as in test 6, but there is a wider range of losses. This wider 
dispersion of yellows resistance-susceptibility probably accounts for 
the increased number of factors showing a significant interaction. In 
this test, sugar yield losses varied from 13.8% for Y104B to 43.6% for 
868 (US 75). For tests 6 and 7, the means for percent bolting and 
percent root rot were over twice as great in the noninoculated treatment 
as in the inoculated treatment. Although overall these means were low, 
they demonstrated that within similar material (1) bolting increases as 
growth rate increases and (2) for the type of root rot occurring in 
these tests, the number of rotted roots increases as growth rate in- 
creases. The root rot was primarily of the recently identified Erwinia 
vascular necrosis and rot type. This relationship supports the hypothesis 
that rate of growth influences the chance of infection (due in part to 
larger and more numerous natural wounds in the faster growing beets). 

R. T. Lewellen, I. 0. Skoyen, J. S. McFarlane. 


YIELD LOSS PER INTERVAL OF YELLOWS INFECTION--To determine the relation- 
ship between potential loss and the time of virus yellows infection, two 
hybrids (US H7A and US H10B) and two open-pollinated lines :(868 and 813) 
differing in yellows resistance were inoculated with a combination of 
BYV-7 and BWYV-C71 at 5 week intervals starting April 26 and ending 
August 10. The results of this test (test 8, page B23) showed that 
early infection caused significantly greater yield reductions than later 
infections. Significant variety by date of inoculation (infection) 
interactions occurred for sugar yield, beet yield, percent sucrose, and 
impurity index. Whereas, yellows resistant line 813 (C17) showed less 
than 1% loss in sugar yield per week of infection when compared to a 
noninoculated check, susceptible 868 (US 75) showed greater than 2% loss 
per week. Moderately resistant US H10B showed slightly greater than 1% 
loss per week of infection, whereas susceptible US H7A showed about 2% 
reduction per week. R. T. Lewellen, I. O. Skoyen, J. S. McFarlane. 


VARIETY X YELLOWING VIRUSES--Beet varieties with yellows resistance 
derived from several sources and susceptible checks were inoculated with 
BYV-7, BWYV-C71, and a combination of BYV and BWYV and compared to non- 
inoculated checks (test 10, page B25). Significant virus by variety 
interactions occurred for sugar yield, beet yield, percent sucrose, sodium 
concentration, and impurity index. These interactions indicated that some 
of the varieties were responding differently to the virus treatments. 

Sugar yield losses due to BYV infection ranged from 16.0% for Y803 to 
52.9% for US H20. Sugar yield losses due to BWYV infection ranged from 

0% (-2.5%) for US H10B to 15.4% for US H20. Lines or hybrids that showed 
lower losses to BYV also generally showed lower losses to BWYV and vice 
versa. The BYV-BWYV and BYV treatments caused about equal losses, and it 
was not shown that the losses due to BYV and BWYV were additive. BYV 
infection caused significant decreases in sugar yield, beet yield, and 
amino-N and sodium concentrations, and a significant increase in potassium 
concentration. BWYV infection caused significant decreases in sugar yield, 
beet yield, and percent sucrose and significant increases in sodium and 
potassium concentrations. US H20, which was developed in areas essentially 
free of virus yellows, in general shows the greatest effects of yellows 
infection. R. T. Lewellen, I. 0. Skoyen, J. S. McFarlane. 


BEET WESTERN YELLOWS VIRUS ISOLATES--In most of the tests and selection 
plots in which beets have been inoculated with BWYV or BYV-BWYV, a com- 
bination of BWYV isolates has been used. To test for the occurrence of 
more severe isolates than the combination presently being used (C71) and 
to test for possible variety by isolate interactions, a test composed of 
five varieties and inoculated with four BWYV isolates was grown in 1972 
(test 11, page B27). BWYV-C71 caused a significant reduction in beet 
yield and gross sugar yield (11.3%). It was more severe than BWYV-B12 

but slightly less severe than BWYV-B16. The mean varietal losses for 
gross sugar yield for BWYV-C71, -B12, and -B1l6 varied from 7.2% for 813 
(C17) to 13.8% for Y803. A significant variety by isolate interaction 

did not occur. These results suggested that more severe isolates of BWYV 
than the one now being used in the yellows breeding program occur. Also, 
within the limits given by these varieties and isolates, the susceptible 
or resistant reaction of a variety is not specific to a particular isolate. 
Tests will be continued with additional varieties and isolates to identify 
severe BWYV isolates for use in the breeding and evaluation program and 

to determine if variety by isolate interactions do occur. R. T. Lewellen, 
J. E. Duffus, I. 0. Skoyen. 


ALTERNARIA AND BWYV_ INFECTION--Beets infected with BWYV are thought to be 
predisposed to infection by the fungus Alternaria. Alternaria infection 
may be partially responsible for the losses attributed to BWYV infection. 
To test this relationship, the hybrid US H7A was inoculated with four 
isolates of BWYV. Natural infection by Alternaria was controlled in 

half the plots by spraying with Captan at about 10 day intervals. The 
results of this test are inconclusive because little Alternaria infection 
occurred under either fungicide treatment (test 12, page B28) and there 
was no significant difference in yield performance between these two 
treatments. R. T. Lewellen, E. D. Whitney, J. E. Duffus, I. O. Skoyen. 


VULGARIS -PROCUMBENS HYBRIDS--Dr. Savitsky examined 1,408 plants derived 
from By and B5 vulgaris-procumbens trisomics for nematode resistance and 
selected 169 resistant plants. Only one plant had 18 chromosomes. 

Dr. Read tested 2,895 plants derived from 19 chromosome By vulgaris x 
procumbens and found 389 resistant plants. Of these, only four had 

18 chromosomes and two had 18 chromosomes plus a fragment. Cytological 
studies reveal a low probability of obtaining a transfer of resistance 

by crossing over. Dr. Savitsky has transferred the B. procumbens chromo- 
some to the Bg generation and has selected 98 nematode resistant Be 
trisomics, Radiation studies are underway to induce a transfer of gene 
or genes for resistance from the B. procumbens chromosome to a B. vulgaris 
chromosome. Dr. Read has produced F, hybrids between B. vulgaris and B. 
companulata and is investigating the feasibility of transferring resist- 
ance from the companulata species. H. Savitsky, J. C. Read. 


VULGARIS ~COROLLINAE HYBRIDS--Resistance to the highly virulent 66-10 
strain of curly top virus has been transferred to the Bs generation of 
the vulgaris-corolliflora hybrid. Most resistant plants had 19 or more 
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chromosomes, but four plants were found with 18 chromosomes. Hybrids 
previously designated as vulgaris x macrorhiza are really vulgaris x 
trigyna. Curly top resistance and excellent vigor were transmitted from 
the vulgaris x trigyna hybrid to the Bj generation. Bg? progenies are 
currently being evaluated for curly top resistance. H. Savitsky, J. S. 
McFarlane. 


CHARACTERIZATION OF THE BEET CURLY TOP VIRUS--A series of intricate 
techniques involving density-gradient electrophoresis, virus assay by 
feeding insects on preparations through membranes, and an immunological 
technique, infectivity neutralization based on feeding insects on virus- 
antiserum reactants, has resulted in the characterization of the beet 
curly top virus. 


The curly top viruses are known to occur in arid areas of the 
United States, South America, and Mediterranean Eurasia, but the geograph- 
ical and ecological extent of their individual distribution is not known. 
These viruses resemble each other closely in symptoms, but the relation- 
ships with certain hosts and with the insects that transmit them are so 
specific and so different in the different areas as to raise questions 
as to their true relationships. 


Plant and insect quarantines prevent direct comparison of the 
different curly top entities by transmission tests, but these studies 
indicate that curly top virus is immunogenic and may be tested by one 
of the most specific of all virus-antibody reactions--neutralization. 
These studies open the door to the possibility of a systematic study of 
the geographic distribution and interrelationships of the curly top 
viruses, which cause serious disease losses in several major world food 
P2Onssie J.) Ex« Daffus, 


BACTERIAL ROOT ROT STUDIES--Field test of three hybrids, S301 H8, US H9A, 
US H10A, and of C-413, the topcross parent of the two US hybrids, showed 
an increase in percentage bacterial rot and a reduction in yield of C-413 
by the bacterium (Erwinia species). The data suggest the increased 
susceptibility of C-413 is transmitted to the US hybrids. 


Greenhouse studies showed bacterial infection to occur only in 
injured inoculated plants. An inoculation technique has been developed 
based on this observation. Tests of C-413 and the parental variety, 

US 75, showed the yellows resistant selection to be more susceptible 
than the parent. Variation in resistance occurs in both lines suggesting 
the possibility of selecting for bacterial rot resistance. 


Quality of beets is reduced by a reduction in sucrose inversely 
proportional to the percentage rot and by an increase in amino nitrogen 
in some tests. Quality of beets grown in the Lost Hills area of California 
is further reduced by high sodium content of the beets. E. D. Whitney. 
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BEET YELLOWS VIRUS X RHIZOCTONIA STUDIES--Tests of beet yellows virus 
infected sugarbeet plants inoculated with Rhizoctonia solani showed the 
effect of the two on killing of plants to be additive. E. D. Whitney. 


EFFECT OF ROTATION, SOIL FUMIGATION, AND FERTILIZER--The 1972 test was 
the final year of a three-year study on the effects of rotation, soil 
fumigation, and fertilizer levels on yield and purity of two sugarbeet 
varieties. Results showed fourth year beets had significantly lower 
root yields than either third-year or first-year beets. Gross sugar 
and percent sucrose showed no differences. Fumigation increased root 
yield and depressed percent sucrose significantly. The greatest increase 
in yield was with the first increment of fertilizer (78 lbs. nitrogen) 
without affecting percent sucrose. Fumigation increased root yield 
approximately the same as the first increment of fertilizer. The high 
nitrogen level, 264 1lbs./A, reduced percent sucrose Significantly. 

US H9B was superior to US H7A in yield, the same response as in 1970 
and 1971. I. 0. Skoyen, E. D. Whitney. 


RESULTS OF 1972 NEMATICIDE TESTS--In separate studies, nematicides were 
tested for control of field populations of Heterodera schachtii on sugar- 
beet. Only 3, 4, or 6 1b/A Temik 10G significantly increased growth of 
sugarbeet by thinning time, and control was still evident 3 months after 
treatment. Four 1b/A of Vidate 106 or 4 or 6 1b/A of Nemacur 15G also 
gave good control. Mocap at 4 or 6 1b/A stunted beets and failed to 
control the sugarbeet nematode. In three separate studies, nematicides 
were tested for lethal effects to embryonated larvae of H. schachtii. 
Only cysts treated with 100-1000 ppm Nemacur or 100 ppm Aldicarb sulfone 
reduced larval hatches. Prophos, Aldicarb, Aldicarb sulfoxide, Vidate 

or PP156 in concentrations of 100-1000 ppm had no effect on embryonated 
larvae. In vitro treatment of newly hatched larvae of H. schachtii with 
5-100 ppm Aldicarb or Aldicarb sulfoxide significantly reduced the numbers 
of larvae on sugarbeet. Aldicarb sulfone had little or no nematicidal 
effect ada. E.hsStee let 
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VARIETY TRIALS, SALINAS, CALIFORNIA, 1971-72 


Location: USDA Agricultural Research Station 

Soil type: Sandy Loam (Chualar series). 

Previous crops: Vetch cover crop, 1971; fallow, 1970; barley, 1969. 

Fertilizer used: The 1971-72 yield trial field received a ton per acre 
(/A) agricultural lime (85% CaC03) broadcast with disc incorpora- 
tion to about 6" depth. Tests 1 through 4 (bolting evaluation 
trials) were seeded November 18-19, 1971. Preplant: 750 1bs/A 
0:10:5 was broadcast and chiseled in before listing; 80 1bs/A actual 
N, as ammonium sulfate. Sidedressing: 175 1bs/A actual N, as 
ammonium sulfate, on March 17, 1972 and 67 1bs/A actual N, as 
liquid N, applied through sprinkler irrigation system on June 19, 
1972. 


Tests 5 (2n vs. 3n trial) and 6 and 7 (yellows inoculated vs. non- 
inoculated variety yield trials) were seeded January 12-1), 1972. 
Preplant: 750 lbs/A 0:10:5 was broadcast and chiseled in before 
listing; 90 1bs/A actual N, as ammonium sulfate. Sidedressing: 

Test 5, 80 1bs/A actual N, as ammonium sulfate, on March 23. Tests 
6 and 7, 78 1bs/A actual N on April 12. Tests 5, 6, and 7, 67 1bs/A 
actual N, as liquid N, applied through sprinkler irrigation system 
on June 1-16. 


Test 8 (virus yellows loss per interval of infection) was seeded 
February 17, 1972. Preplant: ‘750 lbs/A 0:10:5 was broadcast and 
chiseled in before listing; 80 lbs/A actual N, as ammonium sulfate. 
Sidedressing: 78 lbs/A actual N April 12, and 67 1bs/A actual N, 
as liquid N, applied through sprinkler irrigation system on 

June 1}, 


Tests 9 (yellows inoculated open-pollination progeny test), 10 
(varieties x yellows viruses), 11 (varieties x BWYV isolates), and 
12 (BWYV isolates x fungicide treatments) were seeded April 7-10, 
1972. Preplant: 600 1bs/A 0:10:5 was broadcast and chiseled in 
before listing. 85 lbs/A actual N, as ammonium sulfate. Side- 
dressing: 67 lbs/A actual N, as liquid N, applied through sprinkler 
irrigation system June 14-16. 


Thinning dates: Tests 1, 2, 3, and 4: January 31, 1972. 
. Tests 5, 6, and 7: February 24-26, 1972. 
Test 8:. March 17, 1972. 

Tests 9, 10, 11, and 12: May 9-10, 1972. 


> Bat 


Inoculation dates and yellows viruses used: 


Harvest dates: 


Irrigation: 


Tests 6 and 7: April 25-26 with combination of BYV-BWYV. 
Test 8: date 1, April 26; date 2, June 5; date a 

July 7; date 4, August 10, all with combination of BYV- 
BWYV; and noninoculated check. 

Test 9: dune 5 with combination of BYV-BWYV. 

Test 10: June 5 with a combination of BYV-BWYV; June 6 
with BYV and BWYV. 

Tests, 11-and 12: | June 6)with BWYV-C71, BWYV-3, BWYV-B12, 
and BWYV-B16. 


Tests 1, 2, 3, and 4: September 12-15, 1972. 

Test 5: September 19-20, 1972. 

Test 6: replications 1 through 4, September 20-21, and 
replications 6 through 10, September 25-26, 1972. 

Test 7: September 26-29, 1972. 

Test 8: October 3-4, 1972. 

Test 9: October 10-11, 1972. 

Test 10: October 24-26, 1972. 

Tests 11 and 12: October 4-5, 1972. 


By sprinkler system as required at 10-14 day intervals. 


Diseases and insects: Virus yellows infection was light during 1972 and 
the spread of yellows was controlled with spray applications of 
Meta Systox R until late in the season. The various tests were 
sprayed twice with Meta Systox R (2 pints/A) for control of aphid 
and leafminer, once or twice with Diazinon, AG-500 (14 pints/A) 
for control of leafminer and once with Lannate (one 1b/A) for control 
of aphid, worms, and leafminer. These applications were made 
between March 15 and August hese O72 


Experimental design: Test 1: 10 entries in one-row plots with 5 repli- 


cations, plots 53' long. 

Test 2: 26 entries in one-row plots with 5 repli- 
cations, plots 53' long. 

Test 3: 84.entries in one-row plots with } repli- 
cations, plots 32' long. 

Test 4: 87 entries in one-row plots with 2 repli- 
cations, plots 32' long. 

Test 5: 10 entries in two-row plots with 8 repli- 
cations, plots 53' long. Tests 1 through 5 were 
randomized block designs. 

Tests 6, 7, 8, 10, 11, and 12: 22, 28, 4, 10, 5, 
and 2 entries, respectively, in one-row plots with 
9, 10, 8, 12, 8, and 4 replications, respectively, 
and with plots 53', 53', 25' 7", 32", 25', and 25! 
long, respectively. The above tests were split- 
block designs with each replication being divided 
into 2, 2, 5, 4, 5, and 5 virus treatments, respec- 
tively. 
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Test 9: 60 entries in one-row plots with 6 repli- 
cations, plots 27' long with randomized block 
design. 


Sugar analysis: Determined from two samples per plot of approximately 
ten roots each at the sugar analytical laboratory, U.S. Agricultural 
Research Station, Salinas, California. 


Remarks: Reliability should be good for all of the Salinas tests. 
Except for one isolated area of poor soil which necessitated 
deleting from the analyses data from two replications (9 and 10) 
in test 5 and one replication (5) in test 6, the field plot was 
quite uniform. Because natural and secondary spread of virus 
yellows was low until late in the season and virus inoculation 
caused essentially 100% infection, the comparisons of varieties 
within and between virus treatments and the effects of different 
virus treatments within varieties should be meaningful. 


The assistance of Dr. Bruce Mackey, Biometrical Services staff, 
Western Region, ARS-USDA, Berkeley, California, in the analysis 
of these data is gratefully acknowledged. 


B10 - 


“TSAST ZS 842 Fe JUSASTITp ATIUSOTFTUSTS Jou e1e UOUMMOD UT 199799T & ITM surey /T 
°(76°7@=d) POUROTJTUSTS Jo JuTod xT 9YI spoDddxgyy 














#%*68° L SN SN SN onTea J 
€6°8 cS°8 


**9T° VT 
C8 °SE 


SN “5 ¥¥TE° TT 
T6*7E 































































SN == 96°S 49°? Elec 
TOT 7°O ° et c°OT 0°S 6°4T SO°T? OTe ct uBoW 
ee ae ae 
COL 0°O qi *LT qs VI oq0*Z west C625 OZ” ‘TT c9T6 °ON OM V6H sn 
6ST eo 9q0 12 oqe OT poo 6 8° VT 99°27 §OlS*ZT 7€06 °ON OM q@6H sn 
SOT 7°0O 296 2O°L qed € 9° 7T L6°6€ 009‘ TT O€ZT “ON OM VOTH SN 
VOT LE“ es SG ev? e8°T 6°41 OC lie Occ a T€cL °ON OM VOTH SN 
al €°0 29°9 et 7 e6'T 6° VT 67°17 SOCeLc1 €V70LT “ON OM VOTH SN 
TST One oq Te oq& LT po0 8 0° ST 62.50 7 SOL. 21 VHETS-694 VOTH SN 
YLT 7°O 2S 6 279 qev € 0° ST 7S "Ova eOLl=ct OZ@IT “ON OM 40TH SN 
LST c°0 26 °6 eco '9 eco CS 6°71 6Z°T” §097°ZT 900T °“ON OM 4dOTH Sn 
L&t c°0 20°83 ev? es I T*ST C8°1Y? O19 ‘ZI TT@T °ON OM OTH SA 
09T €°0 9S° 72 56°61 pl’ It 6° VT 6€ °C? 029‘ZI SHET8-694 aOTH sn 
aaquny Jus dITeg qUusdI1eg JUSDIeg =, USDAEg JUdOIeg suo] spunog 
,O0T OY 3oOoY uTITOYG uTI TOY asorons sjo0g aesng uoTIdTIoSeq JOTIeA 
/ 890g G/6 L/8 G/L PIOFA O10V 
Rr a a A EV ee 
ZL61 ‘ZI 2equeqdes :pajseaaey BuoT *33 €¢ ‘sjoTd Moz T 
TLZ61T ‘81 tequeaoN :pejuetg suotjeottdea ¢ 


ZL61-1461 “VINYOJITVO ‘SVNITVS ‘OIH SM GNV 6H sn JO SHSVHAONI CHAS TVIOUMWWOD JO AONVWHOINAd “TI LSaL 


Bll - 


(96°T = J) SoUBOTITUsTS Jo quTod ¥T ayy spesox| xy 








ONTBA WT 
6Q°ET =r oy ok 90°9£ ST°OS oS° 26°27 TOL UOTPET ISA FO JUSTOTTIE09 
Tg *T2 si. 80°), &T°9 gt ° SN On POgn tr SO*) ast 
use 

OOT 0°O 6°QT Q°9OT ee Lent 9E°2E 025'6 WHLLO xX EHOHS QHyLLT 

99 S°0 4° OT Bhar 8°9 te tan’ SE 090405 VELLO X CHOnS QEELLT 

od, ipa 4°ST 9°ET 6°S St gltoe- onl or ETS x (72L6 X VOHSOL6) GLHLTT 

oa €°0 eg o°OT ce Crh On le, obL.07T VI‘OLLO X €HOHS QHOLLT 

T6 eae G°ET 4°6 Got Ge tthe tor Oe Oleeier €Tg X THe2SQ eSHLTT 

COT €°0 ade, 0°Se O°QT L°yt €Q°S€ ooy*TT a*vTOOA X €HONS QHTOTA 

Set +°O E°ee ls So G°9QT G*rt LS°6E 0OS*TT a‘*¥IOOX X SHSOLO 69HTOTA 

Tele ater o°ed O°9T 0°S Cit be Om Ola ere ETE X SSHSOLO OLHLTT 

6yT 0°C O°T2 cant S*6 H°HT §©98°OH OF9STT (vVLH Sn) 49 x EHOHS QHH99 

QnT nO S*02 o°OT €°Q H°HT §0S°0% O99STT ETSO X EHOHS QHETQ“69a 

GeT €°0 G°62 fieehc, a Gr Orie Loci O0dmal G €T8 X ESHSE=9ESO 6SHLTT 

GHT S*0 Jota Or aaL 9°6 gat. ~SEzin OO erL ETgO X CH6OS HHETQ-60a 

THT €°0 T°ST Teele 4°Q 9°HT 68°Oh OSQ‘TT aéHsn QHE T6N 

€OT G°T Grau L°6 3° Got LOSE Ocoer & €T8 X SHt2LO €LHLTT 

€oT G°T OFGE g9); GET G°HT O28°Th 066‘TT €Tg x EHOHS QHLTT 

GET 6°32 Seca GrLG G*Q H°HL §=6SQ° TH OHOSST €T8 X SHSOLO 69HLTT 

SHT 8°0 €°0%g St G°9 GrnL  '0sctOLOtet VvéHSn HHET6N 

ont 3°0 G°g 6°S 6°2 oh  Sectr oLcset VETL x CHOnS QHETS 

9ST €°0 Le ok €°OT 9°S H°yt «TO°€h O0€ £2T (LH Sn) 79 X €H69S HHR99 

O€T 9°0 eat 4°OT One ZENL. cO*er Dre SL €Tg x (QTLL X SZHSOL) GyHLTT 

TET el 6°6T Q°HT 9°S Chil. Ober cba ar €TS X THOESE COHLTT 

EST €°0 FRG 0°9 O°2 E*nT g9°th OStH*ST TIZT ‘OTT ‘900T 8,°N 307 Deeg gOTHSN 

TOT S°O 3°OL 61 9°S G*HT 9e°Et OSH*ST ETS X SSHE-+ESO O9HLTT 

62T €°0 S20t 9°98 O°n Ee  9ecta Ola st €Tg X THTSSE COHLTT 

ExT Z°O 9°gT 1°Q ofr HHT §©6—OS*th O19 ST WHO6K X EHOHS QHYOOK 

O9T 0 EET €°OT Qn L°yt +6°Er 066°2T TEST SEHOT SO€ST §,0N HOT DEES VOTHSN 

















Tequny,  jued.teg 4uesdzTeg YuUsdTEeg yUSdTEeg JUedTeg suo], spuNog 










UuoTAdT1oseq 





DISTAL Stoy 






[ tequiejdeg :peyseAzey WOT “45 66 “S0Td Mor T 
TL6T ‘QT tequeacy :pequetg SUOTLBOTTdet ¢ 


2L-TL6T *VINYOAITVO “SYNITVS “TVINL NOLLWNIVAE ONILIORN °2 LSUL 


B12 





ZET o*t 6°HT 6°TT nt S*HT 92°LE 0g9‘OT GyO6A * Our 
HOT B't 8°9H €°LE 6°92 O°ST ST°9E COL ‘OT er yieee our ee 
9ET g°€ 4° 2? DLT eter €° HT an LE ool fot (9920) ETH-99q “OUT ET-OLa 
SET g°e 2°9OT 0°6 Hn G°€T SO*°O% 008 ‘OT 49¢ *OUT 49-994 
6€T Ere He Th 3°O€ 4H°9OT 9°€T 06°6E ogg‘OT (°S°D) af vHO6X SUX AHOTA 
ETE et O*r2 o°oe €°Q L°€T TH°*Ot OT6‘SOT qH6 *oUur thO 
too ne a ( S°S2 4°QT C*HT T9°SE 06650T TOGA *our TOOK 
€OT 0°S ost O°EeT €°S G°ET LOSTPOCORLL T-EZO *our TsESt 
60T 6°€ 9°OT 1°Q G*t 6°ET ng°6E O60‘ TT €-EcO *our €-€eT 
cat are ee ee 
, : ; TT VyO6R * Our OOK 
THT q°2 Z°9T “IT g°L S°tT Lee O€h*TT (SL SN) g9-LSq sour : 
SSUTT PeLeUTTTOd-use 
56 6°t G°9€ Lyte att S°HT 91°SE O€€ SOT a‘VIOOX X 7SHyeLO GLHTOTA 
6TT As G*o€ 6°¢ : ; : : ; 
pot a) Stes letre awe SE Seecobesers  Cua"lCOl $y ie emmap es 
Toke. °c a6 T°0O¢ ogelL Q° HT ES°*LE OSO*TT a*VIOOK X SHt2L0 €LHTOTA 
HTT Q°c noe S*9OT 4° OT HET SS*Tt O90‘°TT ETS X 9SHSOLO TLHLTT 
OTT 9°€ 1° LE G°*2e 9°22 6°HT COC ewon ei F a‘ VOOR X SH9S-99M THTOTA 
68 9°S S*QT ee O°S S°*HT 69°6E O€S‘TT OT6 X EHOHS ? QHOTT 
LQ Q°t 1°02 €°Qt Iie C° HT 2Q°Th O16‘ TT ETS X SSHH2LO OLHLTT 
OTT Hi ity 6°ST 0°6 Ere 6° HL T6"TH 096° TT €Tg X SSHHeLO qLHLTT 
Gt G°s o°QT 6 aL 6°S rigs oi 1S°Sh 096‘ TT ETS X SHTSS-69a 1 THLTT 
L2T 9°€ G°S2 aC Bat Prod a HO°TH 000%2T TOBA X EHOTS-QOU QHTOOX 
O2T oe O°? 9°T2 €°6 €°HT QT°Sh Ogg‘eT ETS X SHO1S-9QOa QTHLTT 
co °c o°Te o°te O°ST Q°ET 26°94 O26 SST aq‘*vIOOk X THTSS EQHTOT 
HET €°? t°9OT Dieti i 1°9 > il 2 90°St OLTSET Hy6 x eee é: aie 
He! 6° S*eT 0°g E°¢g O°HT Ct*Ly O€SSET €Tg x wuwzeyeTLL onal 
© gre eon Cet n°? Q°HT CE"SH O9E SET COA X CHOtS-QOu HEOOK 


























ZequUny! jUSeo.teg juso.teg 4usoteg yuedzeg Jusodeg suo] spunog 





















,00T POM FOOY BuTYTog Burytog Sutipog eso.ztong s1eeq wzeeng uoTYdT1osaq VOT IeA 
S 00g G/d, PTSTA Sto ye 

2L6T eI _tequendeg :peysoArey BUOT °F ce “SOTA Moa T 
TL6T *6T Tequeaoy spequetg suot}eoTTder + 


oL-1L6T “VINNOAITWO ‘SYNITWS ‘ISHL NOILWNTVAT DNIDTog °€ LSEL 


B13 


S}oOOg 














G/d, PTSTA stoy 


penutquoo 2)-TL6T ‘VINNOIITWO ‘SYNITWS ‘ISHL NOLLWNTVAT DNILIOd 


°€ ISaL: 





QTT Bt Sue TEC TOT @*ETorr $6,715 00958 GoL6 X THESE 29HSOLT 
O4T oa are TRL a. G°ET 96°EE OgT‘6 Q@TL6 X THTSS9 EQHQTLT 
€2T Q--4y O°HT eee S°OT poe g6"HE C01 *6 8TL6 X THecSg 2SHOTLT 
8g id Ode G°te eo CT Tey. go'tHE 029°6 GolL6 X 9SHHZLO LLHSOLT 
O2T Ere EWE "Te C*HT G°eT 91°SE 001°6 GoL6 X THTSS9 €9HSOLT 
Got qt 2° Ot o°Se 4°O? 6°87 HE°SE O€9°6 GOL6 X OH19S-994 GHSOL0 
cET ou q° oe Ltt S*OT + ° tT Og' HE 066‘6 GOL6 X TH22SQ 2SHSOLO 
TET id Se L038 Grek et 6° tT eg°se OL ‘Or 126 X OHT9S-99a SHt20 
éal T°S 1°6T G°*TT 1°9 o°uT 4HL°LE 0S °OT Q8TL6 X YOHSOLO HSHOTLT 
Get 5a 9°92 Gice Sc it A2eT LT°Ot 056‘OT 126 X OH8TL6 eLHycLt 
cOT G°6 LSe 4° OT et 472 CE QS°ThH OWS TT GolL6 X OHQTLE 2LHSOLT 
THT 6°S G°*ee? Leon G*6 9°€T EL* tt 066° TT QTLL X SZHSOLO TEHQTLL 
92T o°€ 9°9T 0°98 6°t O°HT 4L°Eh 098°2T QTL6 X 9SHtT2LO LLHQTLT 
sptzqfq la 

THT G°t 1°26 9°98 €°0g Grau IPO OLE a (€/22 SN) gz9 SUX HoTR 
Cat a €°T6 8°98 Tage Q°oT Ofte 022‘9 (€€ sn) €€L*SEQ SUA GoTR 
OTT 9°S G°e 6°0 6°0 Lat OT’ZE OSE ‘6 (€TQ wm) Z-ETg *ouT QeTA 
CET 6°€ Ee JOT H°€ Q°eT R6"HE OF °6 e-€ZO ° our 7 Oa 
eT E°s ens 9°et Q°ak necu €o°9E ol *6 QT6X SUX OTTA 
O2T E°S 6°ST x6 ote O°HT LO°SE 029‘6 VETL ‘out souedg ETg 
€€T E°s 4°92 CrOk: 0.0% OUiE oL°SE 02g‘6 HTQ *OUr TO 
qyT Hr’ 9°22 Baa 6°9 aan GO*HE OT6°6 (ST SN) ST6 SUA €2TR 
9eT ey o°6 Cis 90 6°€T 00°9E 0666 VETL *our *320 €TQ 
HET G°s re 0°6 Cre eaare GQ°SE OSTSOT €TEO °oUur Lt-OL8 
QeT ore 8°OT 6rd JEG O°ST La He Oge ‘ot COQA *ouUrL COOK 
O€T E°9 2,°O2 O°ST 220 dare E4°SE O€€ SOT (S%) a°VHO6A SUX VuOTA 
OT Q°c 4° St 4°6€ TSG. O°ST 9g°HE OE SOT (2/9S SN) 656 Sux QTR 
88 og €°QT Cou 6°OT 6°ET G6°LE OLSOT €Tg *oUrL rb 
TG as L°4T G°g E'S 6° HT 6y°SE OSS‘°OT OT6 ‘our OTT 
O€T te a6 E°s G*e T°ST T9°SE 009‘OT (4F08 ET SHA) ETO “OUT L2Tk 
HET G°9 6°6 EL 6°2 O° HT HO°BE 029‘OT LT-OLE *OUL JRF TLE 

TIQuUN|y qusoteg 4usoteg  yuSedteg 4usdTeg jusod7eg suoy, spunog 

s0OOT FOY FOOY BuT4yTog BuTyTog suTyTog esotong syoeog Leen, uot ydT.toseq Aqetzen 





- B14 - 


*ATeATPOSdsarT faouBoTITUSTS Jo squtod (L1°T = 4) ZT pue (ZE°T = J) SG OUR Spesoxy yxy pUe x 














0 
0 t UoTYeTTeA JO JUSTOTIISs09 
€ 0 

90T 6°t €° HT 4°ET 1°83 O° HT GS°fe 0L5°9 VE6LO * Our WNE6LT 
ETT Lt €°9¢ Ese Jet Q°ET 06°42 0689 Ve6L0 *oOur WN6LT 
GET Hee CL 6°. O°t 6°ET HQ°*He O46'9 VWy6LO *oUur Wt6LT 
60T ot ,°0% G°LT YS EL G°CT oh°Le O6€ *), VQ6LO ‘our WNg6LT 
€OT L°€ 9°SE €°Le T’°Od Q°CT 92°92 OTg‘L VL6L0 *oUur WWL6LT 
€TT Ste €°6¢ IATe 6a EPR QL°L2 ong 6d VWtLO *oUr WyLLT 
60T 6°2 €°et IATL Gay, 6°ET Og°TE oF °9 VELLO *oUur vELLT 
Tet 9°2 eG 4°6 cH 9°€T 60°EE 0168 VI‘OLLO *OUT WOLLT 
60T C'r 9°72 deice G*HT t° qT LATE 0206 W26L0 X OHY9S-99a GH26LT 
€€T och LEE q°ST 8°6 H° yt ZQ°cZk Ont *6 VE6L0 x BENE6LO NE6LT 
6€T 1°9 9°*TT 8°6 T°t o° ut GL°EE 009'6 Vr6LO X BeENt6L0 ONT6LT 
HET Lech 1 ae 3°62 O° LT G°eT Er°SE OT9‘6 ve6L0 X BeyZ6L0 BNC6LT 
€TT 7, o° ne Q°Se €°9OT 6°€T 92°SE 06156 V96L0 X OHT9S-99a GHQ6LT 
O2T 6°E 6°T2 +°LT €°6 6°ET 2°9€ OOTSOT Vl6L0 X OH79S-99a GHL61T 
Q2T g°€ 9°9T 0°OT 6°S O° HT 42°9E O€TSOT Ve6L0 X BeNQ6L0 BNQ6LT 
GET Hes 9°€T T°ET 1B Q°eT O2°*LE 068‘OT VI‘OLLO X BeNT‘OLL0 BNOLLT 
IL Capt ot Le Ete TLaGe Q° rT TO°’SE OSE ‘OT VE6LO X OHT9S-99a GHE6LT 
GET rs Lise 9286 Fe Q°eT G6°LE OTSSOT VL6L0 X BeENL6L0 PWL6LT 
cet oa €°0¢ o° Ht cee Ge c6°LE O9L ‘OT velo X OHSOLO 4HSHELLT 
OTT Hee G°*ST O°HT 8°OT O°HT 89°OH OE STT vELLO x BeELLO BE),,T 
6TT ere L°2€ Suce G°*LT O° HT 62°Eh OOT*ST villLO X eeyh)0 NLT 
SOUTT eT T}1ej-FTEg 
ETT G°e 4° QE Doce CoOL arte 80°SZ o£0%d 49S6 X THESE ZOHS9OST 
ZOT G°e T°SS O°et 9°Se O° ET 9€°Le 050%) 9€SQ X €SHSe-22ZS0 TOH9EST 
TIT 0°S E°se 9°92 t°QT Lae 61°62 OT2‘g QTL6 X OHt9S-99u SHOTLT 
SOT gre t°O€ 6°92 Leer. Q°ET 16°62 0g2°g 4216 X YOHSOLO HSHteLT 
92T 6°S 6°9E Liege 9°Se G°eT LQ°0F 06268 +1956 X TH22S9 CSHS9ST 

TIquUn| qUs0 L9G qus0198g JUsS0Le8g {USN 19g qUS0 Leg SUuUO], spunog 
sOOT FON FOOY BuTYTog BuTY[og ButyTog ossozong syoeog zesng UOTIAT.1Osaq A£YSTIBA 

s 00g G/), PTET Stoy 





penutquos 2)-TL6T ‘VINNOMITWO ‘SVNITVS ‘ISHL NOILWNIVAS PNIDIOd *€ LSaL 


-, B15 - 


9ET  S2T 6°S G°e 0°0 G°ST ah*ye 0OnSL (ax ‘79 ‘um x ve W)Ts Sux 
98 0°0 CaLt Sr eat 2°SGt gS*TT 0€S‘€ L016 SUx 
HET 0°0 9°ae o° tH 6°OT T'CT 9L°ES% 090°9 GoL6 X VYOHSOL6 
COT. SAT 4° LE 63607. 1071 Q°eT 99°ST 0£Q‘E GoL6 our 
0S 0°0 4° SE E°ee tale CreL -fG-cL.0L5 6 G06 X WOHSOLO 
9g 4°Q Ten Th Joh @°eT 2S°S 00S°T GoL6 OUL 
6€ 0°0 1,°6€ 6°SE o°Qe Q@°ET 2S°LT ogest GoLOO X OHSOLOD 
HTT G°e E°Le g°ce ce 6°ST 3an°St o€@°e (S016) S0L00 our 
Get 0°0 sie yo Q°eT et Cenl wits LAO. OL setzes wwoo), x 38),610 
60T 0°O Te Cot Cyt O°ST 96°EE ORTSOT seTtes wwoo), x Be6Lo 
L2T 0°0 H°EE Cte Coarr L°yT 38S°c& 0656 soTztes wwog), xX eez6L0 
96 0°0 oor o"t oe 'L orGt 0b. 0.e.00e. wu(€ox x uu) lgtz 
Gat 0°0 Gale 4° Te Beet O°HI gh°9E OQTSOT um(OT x um)Tg&q 
49 0°0 E°oE = G80Z——i—i«é'SDD 9°ET Q2°6z 096‘) um(€T x wu) Tgea 
GL G°e 4°L2 G Le O° HT Q°ET 9E°9E 099°6 wu OA X wu Tg’ 
SOL gun CrLt 4° HE Q°S2 O°ST 9€°L?S OLTSS um(Tox x wum)Tg&g 
G6 H°€ 9° TT 9°9 0°O 6°ET Here ocl ‘6 ETH Sud 
9ET 0°0 6°HT GL G*t S°HT 9E°9E OTESOT Eth sua 
9ET 0°0 0°0€ L°9T g°t SH Ln ittonOes Odor EL Ty sud 
60T TL 9°89 €°49 Gah Q°rT E°OT OnQ‘SH (S-eE=919e x L-9T-19ST)Es SULO our 
46 0°0 1°25 0°9n 9°92 G*HT e°STt 09e's 49S6 X OHtT9S"99a 
THT E°g Q°6E S°92 0°0g T°ST 9T°ES 01659 4966 OUT 
ZOT 9°), 1,°9S SCS 9°62 B°eT 9L°ES 015°9 ZoSO X OHZOSO 
9OT 0°O 8°t9 L°€S 9°6H T°ET 0S°S2 099°9 ZOSO Our 
98 0°g 0°0 0°O 0°O SS ucOG 2 O0S9"T VWSe-225Q ‘Se-22SQg OUT 
26 9°S T°as T°2s Q°Th H°2T 90°2T 096%2 SOSE-9ESQ OUT 
ELL G°T 9° 4° On O°se Le. gio te, O97 9 9£S8 X THOESE 
EL 9°S O° 6°99 8°95 e°ET Os°ET OTSSE COTS"9ESQ OUT 
19 0°0 OTT Q°TT 0°0 Litt wGe,cO L 0c6, uoTPOETEG QO SdfT, OGGS OUT 
€It 1° 7. Ried G*t Ere H°HT ST°ST One Sy (TOL“9T“T9ST X SQ-LST)eg our 


























ToqUNY JUSdTEg JUs.TEg JUsDZeg JUSODTEg JUSDTEg suo], spuUNog 
,00T 40 FITOE BUTITog ButyTog esoxong sjeeq zTeeng 


PISTA Stoy 
ZL6T ‘gt tequeqdeg 
TL6T *6T tequeaoyy 










UOTLAT.OSsaq 











3: peLseAtey 
:pequetg 


eL-TL6T “VINYOMITVO ‘SYNITVS ‘TVIML NOILWNIVAT DNIDION °y LST 


UOT "45 Ze 


80LT 
LOLT 
VOHSOLO 


SOLO 
OHSOLT 
GOLT 
OHSOL= Thi 
GOL" Tht 
Atal 
TEST 
O€St 
TTA 
OTTA 
QOTA 
LOTA 
9OTA 
€-€20 
2-20 
T-E€Z0 
e589 
OHS9ST 
G9ST 
OHZOST 
OST 
Go-geST 
GE-9EST 
OH9EST 
Te-9EST 
TSS8 
ZOLE6-9ESQ 


AYSTIBA 





STOTA MOT T 
SUOTIBOTTdet 2 


- B16 - 


EST ra 0°O q°T 0°0 0°0 T'et 0L°62 O10'2, S7eT wu( ees), X 4OL)oS TOTI-29LT 
O€T 0°S G*6T 9°9T LUST H°ET QQE°ZE 09159 uml( 22S), x rae TOT-29LT 
€OT 0°O o°HT q°OT H°OT 9°ET Qg°te 06n'9 mm(€9S9 to 49S) X +OX 10 ET)g TOV9-TOLT 
OTT O°? o°Th T°SE 0°22 9°2T nE°92 019°9 wu(Zes9 x €T)¢¢g TOS-T9LT 
98 0°O O°es 6°OH ws HET 9S°ET ONOSE wu( Tog, X ET)¢s TOn-T9LT 
A Hea 0°O Len T°On 0°62 E°etT 19°92 05061 am eee x ete TOE-TOLT 
SOT 0°0 0°OT Et Ct S*tHT Ot°0% 059°S mm(7€SL x €T)eg TO?" T9LT 
ee S*HT 6°ET 6°98 6°€ O°ET +HT°2e2 09L°S wu(zesl, x ET)? TOT-T9LT 
€Zt 0°0 BOL; T°T9 noth L°ET on°€s ont '9 200911, OUT 0916 
otT 0°O 0°O 0°O 0°O B°ET 99°Te 099°S 6519 SUx 6516 
G6 0°O ey Fwotee w8eST tet D0*ZoeGrots (gS “HAW x ‘eeum) Tg TOSSLT 
2S tad B°OL aS a ann €*HT 99°92 O£9'L ae uu x ve Wt) ls gyux LELT 
Lite ae 0 0 Eo. asa 9°9 6°nHT 2S°€e 06659 uno’ s‘um x vew)ls gux 9ELT 
mS G°T 4°S2 9°22 6°6 O°yT oO€*Le o19°L (ano 7S ‘um x th*ot*tox)"s sux CELT 
Te leer 0 g°e2 q°T? E*tT SET QH°eE o2ge’g (uiL0 * zs “um x eee Suz TELT 
Ledge 00 6°le S*ye EST G6°ET HQEE 06E°6 (aLO* z9‘um x €T)Ts sux o€LT 
ern 6°6T H°9T L°TT grt gg*SE 099°6 (ax‘W x Ben) lg guz 62LT 
96 Bac o° HT G°Q gre o°nt 92°92 096‘L 26 X 9SHr2L0 OHTeLT 
Gh 9°OT g°o€ 6°22 9°2T T°HT O8°OT OTOSE 4216 Ur 4qeLT 
Ld, 0°0 €°0%g €°9t aac Q°uT c6°9T On6Sh 4216 our 420 
GHT a o°ce ee 6° HT O°HT OT°O? 0895'S ccl6 Sak coLt 
€2T Dab G°6 0°9 Te o°nt 9L°2E 0226 QTL6 X OH8TLE OHQTLT 
Ee 0°0 €°OT o°s G*2 zu HT 96“Te O99 QTL6 our QTLT 
not uc €°o€ 6°92 €°eT T°HT 09°Te o10‘9 QTLQ OUT QTL. 
OST o°T a rar 0°0 9°ET On Ty O¢e*TT 9TL9 X OHOTLO OHOTLZ, 
O€T doe oa 0°0 0°O tS Tt. teu he cou, 9TLQ OUT 9TLL 
O2T 9°T E's te 9°T G°2T gQH°te 056°S WWTT-9TL6 Our 9TLO 
Og 0°O Qg°er Q°Se Q°S2 Teel ge wet cg +TL6 Sux 4HTLT 
geT 0°O Oi6c “OC «elt a eee pee YL ‘sum x ee Wy yx)ls sux ETLT 
96 ove 2 OL 0°S Q°r roat tO Leone G Yno ‘7 Sum x ry oute SUA OTLT 
etl = God Pale © GCOT aoe O°ST 9E*Te OzE*9 ux‘ ;s‘W x weum)Tg sux 60LT 


























TeqUMN JUe.TEg JuSdteg JUusedTEgG yJUSdTEeg JUEedTEg SUO, spunog 









uOTIAT..OSaq AYSTIBA 








PIOTA et0y 





penutzuoo eL-TL6T ‘VINMOMITVO “SVNI'TWS ‘TVIML NOLLWNTVAS ONILIO’ ‘+ LSML 


- B17 - 











¥¥T9°S “= XxTT'D xxO7'O x¥8°D xxl 6°T 

O4°OT a OT’? ior 94°8 6£°S 

3o9°T — 8°0g «aE *G 00. 6 Tame oie 

G°d disor. 

9ET 0°O OST GT 0°O Orar 
9€T 0°0 0°9T €°OT Q°S Q°eT 
60T ove E°s E's C°S T°HT 
9ET 0°O Te 6 9°S 9° HT 
OTT G°T a 4°S 0°O C°HT 
€eT 0°0 1°TE G°0€ OTT ee 
TET 0°0 9°S2 8°02 Jat 1°ET 
L2T Sot Loc Cha 6°h G°eT 
Ett 0°0 1°9T 4°ST 1°Q die bal: 
THT 0°0 tro ta H°9 rig 9°€T 
OgT 0°06 Le gre 0°0 O°eT 
6TT 0°0 €°9T 6°ET ct te Gar 
Ett 0°0 O°T2 9°ST O*ST 4°ET 
9ET 0°0 o°St TLS €°S2 6°ET 
9ET 0°0 ehean Litte 6"Td 9°€T 
ETT 0°0 G°gEt H°He 0°S2 O°ET 
TIT Lh O°TH G°9€ 4°oe Gaeel 
SOT 0°0O Q°er TLS n° Le Orka 
QeT 0°O 6°22 Dl o°6 4° HT 
90T 0°0 6°S 6°S 6°S 4° qT 
GET 0°O 9° Lt H°9E 9°0F of Sit 
DUE E°2 6°t2 O°Te 0°9T o° Ht 
oot 0°O Gore 4°? cia Pa t°uT 
THT 0°0 Ton oe he C42 O°HT 
THT G°e G°9L E49 G°HS G°eT 
6TT 0°0 9°gt 6°SE Q°re est t 














Toquny JUSodTEeg JUSdTEg JUSDTEg JUSoTEg JUSdTEg 
:O0T +04 UTFTOP SUTLTOY SUTIZTO, eso.tong 








¥X91,° QRXTE °Q 


TQ°ST 





s1eEq 


ONTBA wT 
roar %) UOTVETIeA JO JUSTOTTIE09 
O€€ “2 ESOS)-08T 










oe ‘9 (9GN) T-2TSS our 
O€9°TT V96L0 X 889610 
o9€ ‘2, (HORSOTSTSSET x BeM)Tg OUT 
026 £6 VS6L0 X eeNS6L0 
Corte 2 (°° *1999°ZEQL*Ezgg x eey)lg our 
O16 SOT v9°S‘*HLL6 x BeNg’stLL6 
On 62, (°° °€9S‘te2L‘Sol x PegTll)Tg our 
og ‘eT VLSELLE X 99), °EL16 
OLE SOT ofc’ 49TL 60915751 x eRe *T LU Tiegour 
OgT ‘eT voTTL6 x eens’ TLL6 
069‘ G2tssoT) "ol x Berl, )loeour 
00 ‘OT VOLLE X BeWOLLE 
0S°g (SoL ‘HTL ‘SEL x aoe oul 
061 ‘S (SoL9 x 2269) lg our 
onl 'g um( wot HOLL x r2%umYyTd ‘79s 
o170°9 um(erS HELL x 12 %um Ero ‘7s )eg 
O16 ‘9 Wn HSL x r2%umyr9 ‘Ts )es 
0£9°S wu(yoo)) x 22%um “Ero ‘1S )es 
0ge‘9 wm( L198 X tH )es 
009‘9 wu(€zgl X i7)es 
09S um(€9¢9 x OT)? 
0S0°g wm 669g%eeeL‘Eegl ‘19S X TOx)eS 
06€ $1, um(€zgl, xX 1Ox)es 
o€$‘g um(+9$L * 70x)¢s 
001 °9 wu(9€S), x 4Ox)¢S 
056°S wu(r€Sh X 70K)&S 
spunog 





resng UOTIAT.Losaq 


PTOTA St0V 


penutquod ZL-TL6T “VINNOMITVO “SWNITWS “TVIML NOILWNTVAT DNILIO’ ‘4 LSA 





uses 
o1S9 
"96LT 

V96LT 

BAS6LT 

WNS6LT 

Nt 11,0 

WHO 

BELLO 

velo 

SNTLLO 

WATLLO 

BWOLLO 

WOO 

6910 

TOSOLT 

TOLOLT 

TO99LT 

TOSOLT 
TOQ-E9LT 
TO9“E9LT 
TOS-E9LT 

TOY Of CAEESLT 
Toe col 
TOS“Z9LT 
TOE-ZOLT 
Toe-Z9LT 





- B18 - 


(OL°2 = J) BdOUBOTITUSTS Jo juTOd YT ZY SpoZzdKT xx 








en[eaA J 
UOTIETASA FO JUOTOTIJOOD 


¥exEL° 1 **%09°E *eT 9° OV x OE’ Y 


































AR 70°T €8°0 84°0 CE°Z ast 
6Glar - #4 e:aen SL ges. SULT 7S°0H OV6 cl [ies + agtaae a UR 
€€l O°T si 9°4T €0°6E Ove ‘TI pueyT3uq worz ptordtay OL-LA/Wa 
94T L*0 L°9 €°Cl SI°t¥ O19 ‘ZT uspemMs wots ptoTdtay 786971 
EET 9°Z 9°T €° v1 €9°SY 090‘ET LETL X TH9ESE ZOHLETT 
641 7°T 8°0 9°4T 80°S¥ O€l ‘ET VEIL X THIESS ZOHLIT 
9€T 9°T 6°0 9° HT TL°S? 086 ‘ZT LETZ X THTSS8 E9HLETI 
241 Gal L°0 Zul 62°9% OVI ‘ET VEIL X THISS8 €9HLIT 
CET Ete TT C91 91°94 OL0‘ET LETL X THZZS8 ZSHLETT 
wal Cot 7°0 HT C194 OZE ‘ET VEIL X TH@ZS8 ZSHLIT 
ZE1 Ore 8°0 C*41 Z1°9% O6€ ‘ET LETL X €HOHS SHLETT 
OvT O22 8°0 6°71 co° hy OZ‘ ET VEIL X €HOS SHLTT 

a3qunn JUusD19g qUusd190g JUus010g suoy, spunog 

















1001 JOY JOOY UTI Tod Seong Bj 00q tTesng UWofadpaoseq JopAey 
/ 8300 PIOTA Ot0V 

ZL61 ‘61 tequejdeg :pejsearey Buol *as ¢€¢ ‘sjoTd Moz Z 

ZL61 ‘21 Axenuer :pequetg suoT}BoTTdez g 


ZZ61 ‘VINYOAITVO ‘SVYNITIVS ‘LSHL NOSIUVAWOD CIOIMINL-dIOIdIad °*S LSAL 


- B19 - 








%%QS°S ¥xE1/°9 ¥KETT'S *#%B0°9 ##%S °9 %*S °9 
Qrtd Leds Leds o-oo CA) Sod, 
TS ous ous £°S 669 669 
gtd 06°35 6 1°S 0120°6 OTS‘ ST 
O°gT 6° TE 46° RE Ota OgT ‘6 OS ‘TT 
6°9T 42 °oe 80°6E 9°T2 060 °6 069‘ TT 
T°S2 96 °OF on’ Th 0°62 025°Q o£0‘ST 
1, *0a 9e°Ck Qg° an tte OST ‘6 O€T SST 
6°t2 60° TE 09°TH “Ce 091°8 Oge ‘eT 
1 ple 96 °Zk ZO°St g°e2 OZe ‘6 0S¢°2T 
ee gre Q8°Th 0°S2 002 ‘6 oge §2T 
Ene 39°92 Qt °Or o°6E 095°. 06€ 62T 
€°Se 69°TE LO°St 6°92 0£g ‘9 OTH SST 
Cot TO" HE Co*en o°es ogt ‘6 Ont SST 
G*€2? 2 ees OT°Th +°Q2 098°9 Ont SST 
T°92 9, ° TE ET°Et €°Q2 096g 02S ‘ST 
€°9¢ 99°TE 4S°Eh 4°62 0£9°9 OT9‘ST 
6°C2? OTe ol th 9° Lz 0806 OSL §2T 
pe T6 He CQ°cr 2, ee 0966 091 ‘eT 
eee TS°EE ET°SH 8°92 oge *6 019 ‘ST 
CTL €o*ge QL tt 0°9T OTL £OT OL8° ST 
Tt 4, °o€ HT Ct o°9e ore 66 069 ‘2T 
6°22 es°ee Ho en 0°92 onS 6 006 §eT 
4°61 Co°se GS°St G*22e O10 SOT OTO*ET 
O°d2 6r° HE th thy L°S2 069‘6 OOT‘ET 
ae. O€ *9€ ce tt G*6T OS SOT OSTSET 





(v/Suol) PT®TA 790g (V/AT) PTETA tedng 





ZL6T “Og tequeqdeg :peqseartey 
cL6T *S2 Tttdy :peqyetnoout 
eL6T ‘ET Avenuere ;pequetg 


eNnTBA WT 
%) UOTPETIBA JO JUaTOTI E09 

So*) ast 

uBsy 

€T8 X vHSHyeLo GLHL TT 

a ‘VIOOK X WHSHt2LO GLHTOTA 
WOH Sn THE T6N 

€T8 X ESHSE-9ESO 6SHLTT 
L116 X THe2Sg SSHLLTT 

€Tg X SHSOLO 69HLTT 

€T8 X SSHE-HESO O9HLTT 
(VLH SN) 479 X EHONS gHn99 
ETS X TH9ESE COHLTT 

890T °ON OM GOTH sn 
a*VIOOX X SHSOLO 69HTOTA 
€Tg X THeZse CSHLTIT 

a6H Sn QHETEN 

ETS X SHTSS-694 LTHLTIT 
weTL X CHOHS QHETS 

TEST °ON OM VOTH sn 

€Tg X TCHETLL GtHHLTT 
(170) €TEO X EH69S HHETQ-690 
a*yTOOX X CHONS QHTOTA 
(LTO) €TE x CHOHS QHLTT 
(LT0) €TgO0 X EHOHS QHETS-69 
VnO6x X CHOHS QHHOOA 


UOTIATIOS aq AYSTIEA 





MOT “ar C “sioragmes 27 
S1USULBST1 SNITA 2 
SUOTYBOTTASET 6 


2L6T ‘VINMOSITVO ‘SVNI'TVS ‘LSHL SMOTINX SMYIA X ALMINVA °9 LSI 


B20 - 





*pTeTA 3e88q PUe PTEeTA TeBNs TOT pertIMdd0 suOoT LOeITEAUT (Teast %S) qusotstTusts 


*ATeaAT}POSsdsser fsouedTITUsTs Jo syutod %T pue ZS ayy spesoxy yy, PUB x 





KKE OE xxE* x*¥T°OT xxCH'E 

























FO) 
DO 
£62. SE°O 6eT Bre €*tT 6° HT ETS X WHSHt2Lo GLHLTT 
oL."0 HE °T HET L°S Ee O°ST g*ytOOk X WHSHyZLo CLHTO TA 
94°O Sg°0 LAT E°s Q°eT 9° HT V6H sn HHE TEN 
Qo°T i? tT THT oh Q°eT HHT €Tg X ESHSE-9ESO 6SHLTT 
6b °T ST°O OnT net EMHT Q°HT LLT6 X TH22S9 CSHLL TT 
92°2 HT°O 64T ke & oT LP HE €T8 X SHSOLO 69HL TT 
90°T €S°O GET g°t o° ut Q°Ht ETS X SSHE-17ESO O9HLTT 
80°0O 06°0 64T eds SruT 1° ST (vLH SN) 79 * HONS QH99 
€S°0 T2°O QuT 9°t 6°ET Q°HT ETE X TH9IESE ZOHLTT 
S9°0 09°O 64T B°s O°HT Q°HT 890T *ON OM GOTH sn 
£0°T €o°? 6€T Eg Soi T°ST a‘ VOOR X SHSOLO 69HTOTA 
1,9°O TS°O GET 6°? 1 at Q°*HT €Tg X TH2Zsg oSHLTT 
62°O €€°o SHYT o°n 6°ET G*HT a6H Sn QHE TEN 
€S°O E7°O 6ET T°S geet G°*HT ETS X SHTSS-694 LTHLTT 
6S". 9T°O 6€T Q°T €°+T 9°tT WeTL X EHONS SHETE 
ono 99°O oSTt B°s O°HT 6°XT TEST “ON OM VOTH Sn 
13°0O STO OT O°2 T2 kT HT €Tg X TEHSTLL GHHLTT 
SLT etal QT 4°S ce ay, O°ST (LTO) €T8O x EHE9S tHE TE-“694 
TL°O 46°C JEL bre. me tL O°ST q*ytook X €HOHS QHTOTA 
89°O qT*O at O°4 4° RT O°ST (LTO) €Tg Xx EHONS QHL TIT 
42.°O OT. t LT B°t a Q° HT (LTO) ET8O x EHOHS QHETQ-69.4 
26° 1$°0O QuT °Z G° HT 6°HT VHO6A X EHOHS QHHOOA 
quUs0.Ieg 4USD.19g TOQUNIL soy UOTYATANSaq 
OY F004 But 40g :00T asotong 9% 
s7o0g 
cL6T ‘Og tequeqdeg speqyseartey BuOT *47 €G ‘s20Ta Bere, 
cL6T *S2 Ttady :peyeptmoour SUYUSULBS8TL SNITA g 
cL6T ‘ET Atenuep speq.uertg SUOTLBOTTdSr 6 


penutyuoo c)6T ‘VINMOAIIVO ‘SVNITVS ‘LSHL SMOTINA SOUIA X ALHINVA °9 LSHL 


owe 








CS * ONTBA FT 
- 





O°be 6 6 O'S 879 (G) COMFSTIeA JO FUSTOTT E09 

) 5 7 : 2 O°) ast 
oe Te Sida QT Or 9° te 09e°6 OSE SL Eh 
S°Ot Las 6T° HE 9°eh 0gS‘S 066°6 (SL SN) g9-LSa *oUT 99 
b°0g 26. TO*92 gi SE 6° Lz 00S ‘2, Ory SOT LL16 *our ILL 
9° he QS*ec OL HE Q°se 0S5‘9 012 ‘OT 49% °OUL 19-99 
€°92 T6°S¢ O° SE 3°62 059°), 098 ‘OT T/ETO *OUL LOTR 
6° HT 4° TE TQ°9E G°LT 06€ $6 Ott SIT VETL *OUL *aZ0 €T8 
2°Od TE °0€ HS°QE E&¢ 061°9 O19 ‘TT S Geer ETH" Olu 
T°ST tT °Ts GT ° LE L*9T9 ol 66 091 TT CogA “our COOK 
aT 09°2e On gE 6°9T 09, °6 01,6 TT LTaOlae eat Ltr Tis 
O°€T 4S °C€ 99°gE 6°HT 060 ‘OT 026 ‘TT (LT0) €T8O our LT>Odsl 
6°O¢ 60°TE 99°6€ 9°22 09T ‘6 O€6 ‘TT Gain) sigan LTT 
4°S2 oS°6e QL °6E 0°92 0£L°R O€2 ‘eT vELlLOo X CHOnS QHELLT 
6°OT GS°HE oo °6€ 9°9OT 060‘OT o€2 ‘eT VHO6A *OUL HOOK 
T°et To°*o€ 9S°6€ Sar 0596 O9€ S2T OT6 *oUr OTT 
ice 99° HE €Q°6E efSt 00% SOT 06€ ‘eT (9%) a vHO6A SUA VHOTA 
O° +2 90°TE 96°Ot 9°92 06T ‘6 0SS ‘eT QT6X SUX QTIX 
G*To 06° TE 99°0r 9° he of 66 09S ‘eT €Tg X SHteLO €LHLTIT 
iste Len pe TH Ot €°9¢ 01¢°6 099‘2T TOGA °Our TOOA 
ote TO°EE L9°st soe 0£0 ‘OT 096 ‘2T €Tg X ZSHSOLO OLHLTT 
eae GT°O€ cre th es 0S1°9 096 ‘eT g*VIOOK X SH42L0 €LHTOTA 
S*°0d To°€€ TO*St G*e? 099 ‘6 066 §2T a‘VIOOA *Our TOTA 
So LE Dee H6°oH Q°ET 0S2‘TT OST SET (°S°D) a°VHO6A SUA HOTA 
Ge Lo he €S°en Oe oS 6 O9TSET OT6 X EHOHS QHOTT 
T° Se ge ° TE Coat 4° Le OTS ‘6 Oge SET a*VIOOK X SH9NS QTHTOTA 
1°92 O° TE qh ot O*°o€ o12*6 Ove SET a‘ytoox X 2SHS0L0 OLHTOTA 
Ont TS*9E 96 tt 4° QT 019 SOT Og SET q‘vtHO6X SUA OnOTA 
G*92 GT°2e 2Q°et 1°62 014 66 OSH ‘ET OT6 X SHSOLO 69HOTT 
Ete On re O° tt o* td 062 ‘OT OTL SET €Tg X SHOHS QTHL TI 
To 6t° HE oo °9n 10g 00S ‘OT o9e ‘HT Cogx X CHOHS QHEOOA 





uoTTdttosaq Ayet re, 

(v/SUOL) PTeTA 30°q (V/AT) PTET teeng 
eL6T ‘9g tequeqdeg :peiserrtey MOT “42 6G “SiO Ta Mot T 
cL6t *S2 Ttady :peyepcnoour SJUSULCOTL SUNITA Z 


cL6T ‘yt ATenuep spequetg SUOTLBOTTAeL OT 
cL6T ‘VINNOMITVO ‘SWNITWS ‘ISHL SMOTTHX SNYIA X ALHIUVA °*L LOL 


B22 


. *JOL YOOL yueoaed pues 
BuTTOq Jueoted ‘asorons % *pTaTx yeeq ‘pTeTA aeBns Tog peatanodd0 suoTtyoeZe4UT (TSAe8T 4S) JUBOTITUBTE 
SouUBoTITUSTS FO JUToOd YT 944. spesoxy xy 





















92°0 ET°0 ExT oes 6°CT O°HT (SL SA) g9-LSH "OUT 99g 
tee 00°O €2T GME G*HT Q° HT LLT6 *oUur LLTT 
6€°O o£ °O TST 2°9 G°HT G°ST 49g °OUr 19-994 
ee 1,0°O HET ore Q°HT +1°ST T/ETO °OUL LOX 
4S°T 72°O QuT ore LEST 9°ST VETL *OUL °279 ETR 
EOL 42°O ual gre hal T°ST ETHO *oUrL ETH~ OL 
€7°O HT*O 9ET tf elet 6°ST €OQA “Our €OOR 
Tot ET°O GuT qo O°ST 4° ST LT-OLE * OUT 1, T5aia 
cont 90°O oST Q*a T°ST q°ST (LT0) €Tgd °oUL LT-OLa 
Lot 00°O LET €°¢ Leute T°ST (LTO) €Tg °oUL SUD 
9T°O THO OnT G°e 6°HT 1°ST WELLO xX CHOnS QHELLT 
ent 4h°O SHT e°9 Q°HT 9°ST VyO6A * Our OOK 
S9°0 02°O THT oh O°ST 1°ST OT6 *ourt OTT 
Qo°T 86 °0 CrT Gre O°ST 9°ST (9%) a°vHO6R SUX VuOTA 
gL°O 56°89 CET Hee Q°HT €°ST QT6X SHA OTTA 
a, 0 G0°0 OST iy Q°HT G°ST €Tg X SHY?LO €LHLTT 
BOLT 90°E LET Q°S Q° HT Q°ST TOGA “our TOOX 
66°O 4S°O GST e*k O°ST T°ST ETS X 2SHSOLO OLHLTIT 
o£°O OS°T SUT 9°), 9°HT Q°sT a*VIOOA X SHt2LO €LHTOTA 
26 °O Zoe €€T gre 6° HT G°ST a‘VIOOA °OUT TOTA 
98°0 Or°O qT 6°2 6° HT 4°ST (°S°D) a°VHO6A SAX HOTA 
09°O 96°0 O€T Q°2 eS G°ST OT6 xX €H91S . QHOTT 
T8°O 6Q°c 6€T T°e Oat St a*ytook x SH91S QTHTOTA 
€S°0 €S°T OT G°t 6SHT 9°ST a*yIOOA X 2SHSOL0 OLHTOTA 
Trey 46°T OnT 6°t CHT 6° HT a‘ vtHO6X% Sux OHOTA 
9€°T HE°O ott Ore Oar 4°ST OT6 X SHSOLO 69HOTT 
94°O TE°O LAT o'r O°ST 9°ST €T8 X SHOTS QTHLIT 
TO*O TE’O OST ie €°ST 9°ST €ogx xX FHONS QHEOOA 
qusoteg ued Leg LOQuryy uoTydTIosaq AVOTTCA 
OY OOY BUTT LOG ,00T esotong % 
$71.990¢ 
oL6T ‘9g tequeydeg :peqsearey SuoT “44a 6G “sqotd mot T 
al6t ‘SZ [tady :peyetnoour SUUSUYeOTL SNITA Z 
cL6t ‘tT Atenuep ;pequerg SsuOT1BOTTdet OT 


penutzuoo 2L6T ‘VINMOAITVO ‘SYNITIVS ‘LSHL SMOTIMX SNYIA X ALSIYVA °L ISH 


*xoput Aytandut pue ‘fasozons % 
‘ptTetk£ yeeq *‘pTetxk zeBns AZoys parmos0 
SUOTPOSIOAUT (TEAST %T) qUBOTITUSTS 











“ATeaTzoadser “¥¢C*o pue “W/L 4S°T 64T 0S°0 6TL 6ST Het 02S uBay 
‘y/AT TTS ete ssozons % pue ‘pTeTs a6e ; 

¢ ; T = 892*0 2948 qeHOT 9999 89S (SL sn) 999 

720q ‘pTetTx Tesns Joy senTea (GO°) ast QegnT ATE *T e199 agT9T 2692 eQTS oh €T9 

*TeaAeT ZG Sut +e 4WOeTETITp BEST eLT°O a9gTL QZT9T 4OLt "890S WLH Sn 

ATAUSOTITUSTS YoU e7e UOCMMIOD 2),ST 292 °0 BEG9 e66r7T  *8TTE BOTS gOTH sn 

UL J98379T 8 UYTM SUBSOU YOOTISO UTS Pz OOT TO" XOpuy N-ouTuy fh oTae\ 
“AXMG-AAG UTM UCTZPeTNOOUT Jo sezeq fi Ss oeg qooy Ay tandwy 

O°SGTMBE*ST. AQ*aT ent SezG7 ey ST 0S°g@e §=60—PLT*2e 2GL°SS 996°9e BTE*SE BeETEE weep] 

CO °GTeeG GT mw tai heercayl. —tnot S*ST €9°82 79°TS OS*He O20 9ETEE th’ HE VLH Sn 

OES Unmet Giro oer et ace SL 9°ST B6Q°2E 95°9e gE°0E g9°cE gerge 9S°RE gOTH Sn 


AVOTLBA 











' yseg 
49°02 SG°6E CHrSsDE°6T Hct 09S‘9 26289 px99‘l  2992¢°9 aS79°6 8LL2°OT weeyt 
0S°€2 Le ie  SO°Ce Be h*6t - EGS congotes G89‘9 6QT ‘dL, 009°g O6TSOT  +4L9°OT WLH $n 
09°02 cece GO°ES Mah*0e VUStoy 2e61020% OT‘ eGo 6 69S ‘6 GE ih p<c0set OTH Sn 








V/OT) PTetA resng 
cL6OT °€ TA8q049Q0 :peyseATey SuoT seuout J °45 Gg *‘sqyoTd mot T 
cL6T ‘LT Atenaqgeg :pequertg UOTLETNOOUT JO saqep CG 
SuOT}BOTTdert g 


eL6T ‘VINNOdITVO ‘SYNITVS ‘NOILOSANI JO TVANHINI WHd SSOT SMOTINA SAUIA ‘9 ISHL 


B24 - 


(2€°T = a) SousoTsTustTs Jo jyuTod Y%T eu spesoxy xx 



































¥xEQ°S HBSS xxOL°T  %%6S°9 xx6T'L OnTBA J CET 0S°O one gl°LT Of0*S QT- 
ECU ee TO*OT AO SET €0°O 4° qT TH°LT O€0%S Lyn 
aU 6°0 agT O€T 09°0 C°€T 00°6T On0'S 9S- 
TET T6°0 Q°4T weey 6TT 4S°O G°HT ES°LT 0504S i 
ink SS°O See i ee Uno Sil 62T TS°O G°HT 29°lT OL0°S 6€- 
GOT ae eer Se*or- 076 “t qo ONT £0°O H°EL ZO°6T 090s 09- 
ET 98°0 T°'ET €0°9T OQT*+ €e- O£T TE*? oan 00°02 OTTSS €¢- 
OTT 69°2 O°htT 96°ST OSESY Ot= 9ET £0°O 6°ET 6£°8T OTT*S Tc 
ree 66°9 GET HE°9T O9FSH 6- O€T €0°O Tit ES*QTtea0eL  S Gh 
QeT £0°0 Scér Th OT Orn i ges TET Eq°T Q°HT n9°LT O€T*S Q- 
Get Let B°ET 90°9T O€t'r etn 6TT GS°O €° HT Qr°St 0626S 9e- 
ETL €0°O ONL Ga. St. Ost f OS- ceT 9E°T rel Q9n°8T Oo *S Ge- 
6eT 8t°O GS damedin Ol. OOU 7 Ge~ 62T €0°O 4° qT GS°*Q@T One’s Co 
6€T ge? L*Ela Ocha. Oban TS" GET 88°0 L°€T 9S°6T o0S€*¢ Le 
elt T9°O CG it. etscs ob O19 1 Og- 62T €0°0 aa GS°eT. OLE*S 6ie 
LET €0°O JET TOPET Ono sy On" TET G6°0 G*HT 6S6°ST OLE *S Gtr 
oot LO O'HT.. SST. Obey ot GET 2S°O T°HT Te°6T O€n4'S ¢- 
HET tt? T H'hto” 65°9t" O9le 7 9€- C€T €0°O G°tT Ge°6T 09S‘S gt- 
O€T 6°T Ct te c6 ie Old Fd HET ot T L°ET 7S°0e OT9°S Ter 
Got Tz Grewtas Sie le poets 9T- QuT 92 °T O°HT GO*0eg OT9*S ar 
THT Qr°O Gael =cO em OLE 7 62- HT £0°O oa 99°02 098°S 4E- 
OgT €0°O o°1T) “OG°SE 009"r €T- QET Let Q°eT eS*ts. 0065'S oc 
Zot £0°0 SreTat 19° Jep.006 Sh o HET £0°O senate 64°02 066S ge- 
O€T St°O O°HT O°LT On6St Ct" EtT €0°O ont Tote ULL.o O-ELEE 
CET Say C*nt EneLT oS6%t Le- THT Gn°O Sete nO°6T OSESS HSHELLT 
cET ae Ofe sos re O90. tT Lt E€T €0°O ea TO* LG 0S0" 7 QHELLT 
GET 0S°0 O'ql Meo a e000, S GS" QeT G1,°2 ecT 96°HT OFTSh VELL 
Cet £0°O Ute Lat th. 0205S HS-ELLT HET Bor0 Q°eT LE*eT 0060'S ELLT 
TSqUNN JuedTeg JUedTegG ‘SUO], sSpuNog ZequUny YUueoteg Jueoteg suo, spunog 





























s:O0OT OY FOON SsortONgG syeeg wLePng “on AUSZOTY ,00T VOY JPOOY ssozoONg sqeog azesng ‘on AUsz0rg 
S$ 7d59g PTeTA et0y Ss oog PTSTA stoy 

cL6T “OT 1840390 3 peysearey BUST °F LS *Ssio0Ta soz 7 

ZL6T ‘SG eune :peyetnoout SuOTTBOTTAeL g 


cL6T ‘L Tttdy :peq,uetg 
cL6T ‘VINYOXITVO ‘SYNI'TVS 
LSHL ANHOOUd CHLVNITIOd NHdO °6 LOUD 


= B2 Ac 


6ST —9°SE 6°ET Q°ET O°HT Q9n°g2 §=6.09°SS_~=S—(« DOR*ET 2QL°RT 69°92 use 





ST°ET 

PL°ET 9°ET 9°€T 9°ET 6°€T P19" QT Odnuc a no fo ee 19° t2 OL-LA/Nta 
pog’eT x°ET CHL Onnat Q°eT oly ee T2°S2 90°02 6£°6T Te °S2 ETH OL 

SO"Et ilte 9*oT Tol pe a PLZ *QT ooze To*SLw St°ST 64° Se OZH sn 
oqde°*yT 3=—s 6° ET tH HT HL ot 249 °22 En°Se o°00 86d LE °c 92°S2 (110) €Tg 
poL’€T 9°€T O°HT G°ET 6°€T 26T* 22 9T°92 BOs ee TTL 4S °L2 VLH sn 

B6°HT 2°ST Q° HT Donn T°ST qeh*t2 oL°S2 eL°te  9O°bS To’? COQA 
POL. ELae €* HT tage 8 Or qe °*S2 19°62 v4, ton eee ae GT°62 GOTH Sn 

Ge redl hn. clectle G*HT °nT q° qT enh’ 9? 9n°9e 1H°ES =—90°S2 QL ° 92 VHOTA 
poq6°e€T 6°€T O°HT bt TRE BES *9g Gt °62 ieacuelO-So 69°62 TOTA 








uUBssu AAME ARE AKME-ARE  X2SUD uBeu AAME AKG  AXMA- AAG 49 POTTBA 





y/suoL) PTeTA 399¢ 








S°S €*62 Z°0€ oL2°9 1960'L 492° 9220 °S eglt®L uBeW 
T°OT 

O°ST LS 9° at POTTSS GtO*9 92h °€ z0g‘€ 9989 OL" LA /Wta 
G*2 Ler 4°ae 29q69T‘9 tTLIs gt9 6S 6gE‘S 91669 ETH Olid 
7°ST 6°2S 6°9S epz6l ‘th £06 °S Ge2‘€ 00 *€ 91669 OH sn 
€°T 2°QT e' Ot qaToS ‘9 290°), ELE‘S ELQ‘S QLT*L (110) €Tg 
Q°9 one €°6€ 29609 Etts) LT0*S CE9St o£9*) vVLH gn 
Se 0°9T 9°9T er 6€ §), 619°, LE8°9 191 °9 GETSQ COgA 
C2" 0°42 0°S2 eL0g ‘2, 6SE *g 66T £9 9TT‘9 ZST*Q a@OTH Sn 
cre T°QT 4° ET 7299S ‘J, TO *9 9eL ‘9 9LT 6d, G9e ‘8 VHOTA 
o=T See Q°Te eGo‘, 912 °R 99n'9 a1S ‘9 g9E*Q TOTA 
AXKME AXE AXMA~ ARE Bow AXME AKG AXMEI- AXE yooeuo AZOTISA 








V/AT) PTeTA tesng 





ZL6L ‘ye 10q0}00 :pezsoATey SuoT “43 ce SOTA MOZ T 
2L6T *S eune :peyeTNooUT S{USU}BET} SNITA + 
eL6T ‘lL Ttady :pequetg SUOTIBOTTdet ZT 


cL6T ‘VINHOUITVO ‘SVNITVS ‘ISHL SMYIA X ALHIMVVA ‘OT LSAL 


- B26 - 


*XOPUT 
Aqtandut pue ‘ey wdd fasorons » fnrej,A poo *prepA TeAMs Loy petTNo0 sucTJOBIEJUL (TEAST %C) FUBOTLTUBTS 

*ATaeATzoedsez ‘udd eT 
our *%9C°O ‘W/L Qy°T “V/AT 6S O28 uUMTpPOS pUw ‘esorONs % ‘pTeTA jeeq “PTeTA sens oy sanTea (G0*) IST 


“(OAST ZG aN Pe JUSeTETIIP ATIWeOTITUBTS JOU 378 UOWWOD UT Je44ET B UIT sues JOoTS uTeW 

























‘hes 
T2T Het ol.6 Lot azo‘ Tt 46g.‘ T q96L°T G69 ‘T ue 
eceT’T 
PZTT qe6°O epoqsgzo ‘Tt polgl ‘Tt 989‘T eee €99°T Bet OL-LA/WHa 
PTIT og°€ epoq).96 2€66‘T 090 £2 600‘2 980 ‘a OT CTH- Out 
qget q29°O SpSOT‘T eee ‘T T62‘T GSE ‘T OTE ST ECE *T OZH sn 
ogeT d0°E qeegg preg ST €2g‘t E19°T Gig fT 4S.°T (LTO) €TE 
QHeT BE °O poq646 pogtL *T 64,6T 691 °T TLL 6 T ToL *T VLH Sn 
PETT qe9°o 869), ates *T E45 ‘T LSS‘T HESST 494 °T COQR 
B6ET qeg*T q9891.9 2689‘T 6£9°T ade pT GS9‘T GOTH sn 
2QTT Qeg°T 2q8TZ6 agS6‘T €96°T GQ6 ‘T 796 °T 459 ‘T VOT 
P6OT at 2p2990‘T 2966 ‘T €96‘°T gro 62 9T0‘S C46 °T TOE: 
100T Ou xepul weew  _—sAXMG AKG AXME~ AXE yooug AVOTIEA 
A4tImdut 
T9L, OTHE 21,99 Qe td, q2Ld, €sQ aegzgQ *BzZO9 "8809 anS9 ueeW 
LT0*T 988 oane9 = «ORSts«éCEL, 99 959 (SL Sn) 998 
S9T0‘T Rote t meous Gt6 G00 ‘T genes €gS 6645 GS 1,09 OL“ LA /WHd 
q86QS tt TLY 10S HE9 2gSt9 629 = 8S £99 80, ETH" OL 
®T96 €zo‘T £96 SOL Geg 20rd, G99 =: TS, to AD OH Sn 
BQEG 159 LGH as 2T9 A8TO9 HT9 TSS 809 o£9 (110) €TE 
poghd, 08g €2g 808 Seed qeGes 99S. 0s LSS 95S 99 vLH Sn 
oqZeL, 989 TH, 008 €ol "890S ctS §T9t C64 QSS COQx 
aAG 009 Gar Ont €2g q80¢9 ZO  T6S 65S o£9 gOTH Sn 
q8g9S 0S9 Ech TQS 195 qeeeg BE9 = 4T9 19S 49 WHOTA 
SpEt6 Ezo‘T 4&9 9£6 156 OOTY O—— Gdn Led 98S 989 TOTA 
wesw AXME AXA AXMI-AXG yoouy west AXME AKG AXME-ARE —_ MO8UD AYOTTEA 
®N Wdd N-ouTMy Wdd 





penutyuos Z)L6T ‘VINNOSITVO ‘SVNITIVS ‘LSHL SOYIA X ALHIUVA “OT LSD 


- B27 - 


TEST 11. VARIETIES x BWYV ISOLATES, SALINAS, CALIFORNIA, 1972 


8 replications Planted: April 10, 1972 
5 virus treatments Inoculated: June 6, 1972 
1 row plots, 25 ft. long Harvested: October 4, 1972 
Sugar Yield (ib/A) 
Variety Check C71 3 Bi2 B16 Mean= 
US H10B 7,461 6,835 7,516 6,740 6,308 6,972a 
Y803 6,754 5,763 6,805 5,962 5,732 6 ,203be 
US H7A 6,753 5,905 6,722 6,207 6,022 6,322b 
813 (C17) 6,073 5,595 6,461 5,878 5,432 5 , 888c 
868(US 75 5,550 4,811 5,518 4,924 4,764 5 114d 
Mean 6,518a 5 ,782be 6,604a 5 ,942b 5,65l1c 6,100 
Sugar Yield Loss (4) % Root Beets / 
Variety C71 B12 B16 Mean Rot 100" 
US H10B 8.39 9.66 15.45 one 2.4ab 142a 
¥803 14.67 11.73 15.13 13.84 1.4a 121c 
US H7A i220 8.09 10.82 10.49 0.8a 137a 
813 (C17) 7.87 ae21 10.55 aoe 3.3b 130b 
868(US 75 13.32 11.28 14,16 12.92 0.9a 126be 
Mean 11.29 8.84 13.30 11.13 1.8 131 


Beet Yield (T/A) 


Variety Check C71 3 B12 B16 Mean 
US H10B 25.68 23.91 Pa 24.38 22.97 24.49a 
Y803 21.68 18.59 21.77 19.50 18.51 20.01c 
US H7A 24.06 21.61 23.78 22.52 21.76 22.75b 
813(C17) 20.12 18.55 Zin 19.58 18.23 19.6lc 
868(US 75 21.12 18.74 20.74 19.17 18.94 19.74c 
Mean 22.53a 20.28¢ 22.67a 21.03b 20.08c¢ 2 
% Sucrose 

Variety Check c71 5 B12 B16 Mean 
US H10B es 14.3 14.7 13.8 a8 14.2c 
Y803 15.6 15.6 15.6 Doe 15.5 15.5a 
US H7A 14.0 rncs 14.1 13.8 13.8 13.8c 
813 (C17) a8 Sa2 15.0 15.0 14.9 15.1b 
868(US 75 13.1 12.7 ii3 12.8 12.6 12.9d 
Mean 14.5a 14,3ab 14.5a 14.1b 14.1b 14.3 


L/ Main effect means with a letter in common are not significantly 
different at the 5% level. 


No significant interactions occurred. 
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TEST 12. BWYV ISOLATES X FUNGICIDE TREATMENT, 
SALINAS, CALIFORNIA, 1972 


h replications 

5 virus x 2 fungicide treatments Planted: April 10, 1972 

1 row plets, 29afts long Inoculated: June 6, 1972 
October 4, 1972 


Variety: US H7A Harvested: 
BWYV Sugar Yield (1b/A Sugar Yield 
Tsolate - 2 nao Loss (4%) 





Check 6291 6094 6192a = 
3 poy f 6003 5980a.b 3.4 
B12 5920 5523 572l1ab 16 
B16 5758 5598 5678ab 8.3 
CTs hge22 5720 5321b Wea 
Mean 5769" 5788 5778 8.4 
BWYV Beet Yield Tons/A Beet Yield 
Tsolate i 2 mean Loss (4%) 
Check 22.62 22,02 22. 32a = 
3 2 ed Wf 20.40 21.1l4ab en 
B12 19.58 19.26 19.43be 12.9 
B16 20.<f: 20.4.0. 20.40abe 8.6 
CTA: Ief-efO 19.88 18.79¢ 15.3 
Mean 20,9? 20. 34 20.42 10s7 
BWYV b Sucrose b Root Beets 
Tsolate il 2 mean Rot 100! 
Check 13.9 13.9 13.9a 0.80a 127a 
3 13.7 14.6 14.la 0.03a 120a 
B12 LS 14.3 14.7a 0.03a 129a 
B16 14.0 Li sd: 14.0a O.42a 129a 
CT 13.9 14.3 ol aa O.4ea 12la 
Mean Fie Bae 12 142 0. 34 125 
ay 


— 1 = Check, 2 = Fungicide. Fungicide used was Captan applied following 
irrigation at about 10 day intervals. 

2 ; 

2/ Main effect means with a letter in common are not significantly 
different at the 5% level. 
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VARIETY TRIALS, BRAWLEY, CALIFORNIA, 1971-72 


Location: U.S. Department of Agriculture, Imperial Valley 
Conservation Research Center. 
poil type: Holtville silty clay loam. 


Previous crops: Sugarbeets, 1968-69; barley, 1969-70 and 1970-71. 

Fertilizers used: Preplant: 200 lbs. per acre (/A) 11:48:0, broadcast 
before listing. Sidedressing: 150 1bs./A actual N, 
as Urea, on October 7, 1971. 80 lbs./A, actual N, 
as ammonium nitrate, on January 15, 1972. 


Planting date: September 17-18, 1971. 

Thinning date: October 5, 1971. 

Harvest dates: Early harvests - Tests 1 and 2, April 26-27, 1972. 
Late harvest - Test 3, June 20, 1972. 

Irrigations: Early harvests - eight by furrow. 


Late harvest - ten by furrow. 


Diseases and insects: Yellows infection was light during 1972. Curly 
top infection was minor. Infestations of desert flea beetle, 
striped cucumber beetle, cricket, beet armyworm, cabbage looper 
and cutworm were controlled during the growing season with 
applications of 6-3 ethyl-methyl parathion, Lannate, phosdrin 
and Sevin bait. Aphid buildups were controlled with applications 
of 10% Thimet granules. 


Experimental design: Tests 1 and 3 had 22 and 15 entries, respectively, 
in randomized block design and were sown in two-row plots. The 
tests had 10 replications each. Test 2 had 10 entries ina 
10 x 10 latin square design, seeded in single-row plots. Plots 
were 40' long with rows spaced 30" apart. 


Sugar analysis: From two ten-beet samples per plot for all trials 
by Holly Sugar Corporation, Brawley, California. 


Remarks: Test designed and data analyzed by the U.S. Agricultural 
Research Station, Salinas, California. After stands were 
established, the plot was under supervision of J. Robertson and 
A. J. MacKenzie, United States Department of Agriculture, Imperial 
Valley Conservation Research Center, Brawley, California. 
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VARIETY TEST, BRAWLEY, CALIFORNIA, 1972 


Planted: 
Harvested: 


(10 replications of each variety) September 14, 1971 
(Iwo-row plots) April 26, 1972 


ee 


Acre Yield Harvest 


Variety Description Sugar Beets Sucrose Bolting Count 


Pounds Tons Percent Percent Number 
117H60 0534-3H52 x 813 8,710 28431 15.4 0.0 134 
117H52- 8522H1 x 813 8,600 28.07 1563 0.0 141 
Y904H45 7718H31 x Y804 8,270 2heLT. 152 033 142 
F69-813H8 US H10B (1969 prod.) 8,130 26.15 15.6 0.0 148 
117TH52 8522H1 x 917T 8,100 27.00 15.0 0.0 142 
117H45 7718H31 x 813 8,070 26.87 L520 0.0 132 
117H8 US H10B (1971 prod.) 8,050 25.69 Lae O20 137 
113TH8 546H3 x 813T 8,030 26°32 15,23 Oe 128 
U913H8 US H9B 8,020 25.95 1545 Or? 145 
U913H4 US H9A 8,000 26.04 15.4 Oe 146 
113TH62 8536H1 x 813T 7,980 2f «OF 14.8 0.0 126 
117H59 0536-35H53 x 813 7,970 25.87 Lich 0.0 129 
YOO4H8 546H3 x Y904 7,970 22070 15-5 0.0 147 
F69-813H4 US HI10A 7,940 2owhO LD 0.2 152 
Y101H8 546H3 x YOOL 7,900 25,16 Lag 0.0 124 
117H69 0705H5 x 813 7,890 Din hte 15.4 0.0 135 
Y101H69 0705H5 x YOO1 7,870 25.58 15.4 O25 134 
117H62 8536H1 x 813 7,780 26.46 Le s7 0.0 137 
664H8 US H7A 7,670 2412 L555 0.2 150 
117H75 0724H54 x 813 7,360 23.88 aa 0.0 107 
1773H8 546H3 x 0773 7,130 23.57 1543 0.0 120 
Y101H75 0724H54 x YOO] 6,860 22.36 15% 0.3 L228 
Mean 7,920 25 COT 1533 0.09 Beets 
LSD (.05) 360 Pei6 0.42 --- per 
Coefficient of Variation () 5.15 Sol S ALL --- 100' 
F value 10.06%* 11.44%** 2,86** --- row 
—27 $$ 005 F 11 a ee 2. 86KK R= Ow 


**Exceeds the 1% point of significance (F=1.97). 
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VARIETY TEST, BRAWLEY, CALIFORNIA, 1972 


(10 x 10 Latin Square) Planted: September 15, 1971 
(Single-row plots) Harvested: April 27, 1972 

Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Bolting Count 

Pounds Tons Percent Percent Number 
U913H8 US H9B Sc 7 Ue eos OL 13.9 0.0 755 
Y101 Inc. YOOL 8,220 28.90 14.2 Sad 141 
116 Early maturity sel. 813 7,680 27.28 14.1 0.0 148 
m70-13(415)) Inc > 5 “YRS ;* US (75 72400 = 927251 1335 0.9 152 
118 Sait’ sel..813 731 Oeee 2.7.04 14.3 0.6 150 
Y104 YRS Y904 7E220e (25296 13.9 6.3 149 
014 Early maturity sel. 413 6,870 25.25 13.6 134 149 
F70-17 mesio {ho 2 55 US 75 6,680 23.57 14.2 O23 142 
1773A Inc. 0773 6,390 23.02 13.9 0.7 140 
c.71 Tetra 813 2150 & 222265 3.5 0.0 126 
Mean 7,270 26.14 13.9 6 Beets 
LSD (.05) 468 1.62 0.4 --- per 
Coefficient of Variation (% dean 6.94 See --- 100' 
F value 23.76** 22.96%* 4.69** --- row 


**Exceeds the 1% point of significance (F=2.67). 
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Leaf Spot and Curly Top Grades 


Holly Sugar Corporation 





Variety Description Leaf spotl/ Curly top2é 
US H9 546H3 x C13 2.3 a0 
117H52 8522H1 x C17 Zot ged 
US H10B 546H3 x C17 4.0 : 34> 
117845 (6705H25 x 7718) x C17 &.0 Taste 
117H60 0534-3H52 x C17 Ser 1.7 
117H62 8536H1 x C17 Zink Ze 
Y101H8 546H3 x YOO1 4.0 4.3 
117H73 (564HO x 9724) x C17 3.0 2.7 
117875 (9705HO x 9724) x C17 4.0 223 
US HI0OA 5693 x C17 Baa Be3 
117869 (564HO x 9705) x C17 3.7 eT 
Y¥101H63 (564HO x 8551) x YOOL 4.7 So 
117H17 551H5 x C17 Jat nad 
1/ 


— Leaf spot ratings were made at Hereford, Texas. 


2/ Curly top ratings were made at Sheridan, Wyoming. 
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INTERS PECIFIC HYBRIDIZATION 
VULGARIS -PROCUMBENS HYBRIDS 


Helen Savitsky 


The progenies of By and Bs vulgaris-procumbens trisomics were tested 
for nematode resistance. The test included 1,408 plants which were grown 
in nematode infested soil in the greenhouse. After three tests 169 (12%) 
resistant plants were selected. The chromosome number was determined in 
each of these plants and all but one had 19 chromosomes. Only one diploid 
nematode resistant plant was found in the progenies of the trisomics. 


Chromosome numbers were also counted before flowering in 230 plants 
previously selected in 1971 from the progenies of nematode resistant 
backcross plants classified as diploids. These plants were considered to 
be diploids; however, cytological examination showed they were trisomics 
with the exception of one plant which had 18 chromosomes. Apparently, 
the majority of the parent plants were not diploids but were: trisomics. 
Some of 19 chromosome plants could also have arisen from contamination 
with the pollen of trisomics. 


This year's cytological studies showed that few resistant diploid 
plants occur in the progenies of resistant trisomics. Crossing over 
between B. vulgaris and B. procumbens chromosomes apparently is very rare. 
Many new morphological types of trisomics were obtained. Plants were 
observed with long leaves, with long drooping petioles, and with short 
erect petioles. In some plants the leaves were short and wide; but in 
the majority of the trisomics the leaves were typically narrow and elon- 
gated, dark green, and often glossy. After the seed was harvested, 
trisomic plants were maintained in the greenhouse until the rosettes were 
developed. They were then exposed to thermal induction to obtain an 
additional seed crop. 


The fertility of trisomics is influenced more by environment than 
is the fertility of diploids. Trisomics are more sensitive to temperature 
changes during seed stalk and bud development. In certain plants many 
seeds were set on some branches, whereas flowers on other branches of the 
same plant remained almost sterile. Plants which flowered the second time 
often developed a large number of seed stalks with many buds. Because of 
insufficient nutrition, seed set and seed germination was usually poor. 
The surplus seed stalks should be removed from such plants. 


Variation in fertility can also cause variation in the percent of 
transmission of the B. procumbens chromosome; and, consequently, in the 
percent of resistant plants obtained from the progenies of individual 
trisomics. Some trisomics did not transmit the resistance. Usually such 
plants were low in fertility and their progenies consisted of few (3-20) 
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plants. However, the great majority of the trisomics transmitted the 

B. procumbens chromosome and the nematode resistance. Resistance trans- 
mission varied in different plants from 6.25% to 17.79%. The average 
transmission was about 12%. 


Transmission of resistance by male and female gametes was compared. 
Eight nematode susceptible diploid plants and eight nematode resistant 
trisomics were bagged and two weeks later interpollinated by exchanging 
the bags. In five matings the diploid plants set seed after pollination 
with trisomics. Five bagged trisomics remained sterile, or some of the 
seed failed to germinate. Because of the apparent low fertility of the 
trisomics, the fertility of these plants was even more depressed by 
bagging. The progenies of five diploid plants derived from these crosses 
consisted of 255 nematode susceptible and one nematode resistant plant 


(0.4%). 


In three other matings seeds were set on both partners of hybridi- 
zation. Progenies of diploid plants from these three crosses consisted 
of 77 susceptible plants, 47 susceptible plants, and 88 susceptible plus 
one resistant plant (1.1%). The progenies of the corresponding trisomic 
partners of hybridization consisted of 11 susceptible plants, 33 suscept- 
ible plus six resistant plants (15.9%), and 67 susceptible plus ten 
resistant plants (12.9%). 


Four diploid nematode susceptible plants were allowed to flower 
under open pollination among trisomic hybrids. The progenies of two 
plants contained 260 offspring which were all nematode susceptible. 

Among 148 offspring of the third plant, two plants (1.4%) were resistant 
and of 205 progeny of the fourth plant, three plants (1.5%) were re- 
sistant. The pollen grains in trisomics are often poor, and frequently 
diploid pollinators were put among them to obtain seed. Ordinarily, the 
B. procumbens chromosome which carries nematode resistance is transferred 
by female gametes. It could be expected that pollen grains with an extra 
chromosome would be less successful in competition with diploid pollen 
grains. Transmission through pollen grains sometimes occurs but is less 
frequent. For this reason, it may be desirable to pollinate the trisomics 
with pollen from productive commercial beets. 


The B. procumbens chromosome has been transferred from generation 
to generation and has now been transferred to the Bg generation. 
Ninety-eight Bg trisomics resistant to nematode have been selected. 
About 210 B, and Bs trisomics are also maintained. The populations of 
nematode resistant trisomics should be maintained by selection accompanied 
by cytological study. Because of the difficulties of obtaining nematode 
resistant diploid plants from crossing over, artificial methods of inducing 
translocations between B. vulgaris and B. procumbens chromosomes should 
be undertaken. To accomplish this, not only the inflorescences of 
trisomics, but also dry and pregerminated seed of trisomics have been 
irradiated with gamma rays in the Lawrence Radiation Laboratory. The 
dosages ranged from 500 R to 3000 R. One hundred and ten resistant plants 
were selected after two tests of plants from irradiated seed. The chromo- 
some number of these plants is yet to be determined. 


- B45 - 








Different morphological types of vulgaris-procumbens 
trisomics. Type 2 occurs most frequently. 
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VULGARIS -COROLLINAE HYBRIDS 


Helen Savitsky and J. S. McFarlane 


Vulgaris-corolliflora hybrids. The 15 By plants highly resistant to 
curly top that were obtained last year had 19 chromosomes. Pollen 


development and fertility were much better in these B, plants than in 

Bg and B3 generations. I requested Dr. James Read to examine about 50 of 
the By, plants which showed mild curly top symptoms and he found plants 
with both 18 and 19 chromosomes. 


Seeds have been harvested separately from the highly resistant B 
plants and from the plants which showed mild curly top symptoms. gecde 
obtained from highly resistant plants were planted and 195 young plants 
were tested for curly top resistance. Plants were twice inoculated with 
the highly virulent 66-10 strain of curly top virus. Dr. McFarlane 
inoculated and selected plants for resistance. The B5, population was 
highly resistant to curly top. In this population 12 plants have been 
selected without any curly top symptoms and 120 plants with extremely 
mild symptoms. Sixty-three plants which were either weak or showed 
moderate symptoms were discarded. Chromosome numbers were counted in the 
resistant plants and four plants had 18 chromosomes. 


The highly resistant plants were checked by Dr. Duffus for immunity 
to curly top. Some nonviruliferous leafhoppers were allowed to feed on 
the plants and others on the beets infected with the 66-10 strain. Both 
groups of leafhoppers were then put in cages for seven days on the leaves 
of a very curly top susceptible sugarbeet strain. The leafhoppers which 
fed on the curly top infected plants transferred the virus, but no symptoms 
of curly top were observed on the plants with leafhoppers from the Bs 
plants. Apparently, the Bs plants are immune to curly top virus. 


Vulgaris-trigyna hybrids. The hybrids previously designated as 
vulgaris-macrorhiza are really vulgaris-trigyna hybrids. The F, plants 


of this hybrid were derived from a cross between a tetraploid sugarbeet 
and a plant labeled B. macrorhiza. Apparently, the seed sample of 

B. macrorhiza which was received by V. F. Savitsky also contained seed of 
other species. Root tips were collected this year from Fj hybrids and the 
cells of these roots had 45 chromosomes. This chromosome number could be 
obtained only from crosses of 36 chromosome sugarbeet with 54 chromosome 
B. trigyna. All F, hybrid plants were male-sterile, but were highly 
female fertile when pollinated with pollen from diploid sugarbeets. Seed 
germination was good and many B, plants were obtained last year. 


The By plants were highly resistant to curly top and 85 resistant 
plants were selected, Dr. Duffus checked the resistant By, plants for 
immunity to curly top by the method described for the vulgaris-corolliflora 
hybrids. The leafhoppers which fed on B, plants did not transfer the virus. 
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Apparently, these backcross plants are also immune to curly top. In 
addition to curly top resistance, the B; plants also have excellent vigor. 
The Bj seed beets were seven feet tall, and developed many branches and 
flowers. All B, plants were completely male-sterile and female fertility 
was not high. However, enough seeds were obtained to produce the next 
generation. 


The By progenies are being tested for curly top resistance. Inocu- 
lation of plants with curly top virus isolate 66-10 and selection for 
resistance is being done by Dr. McFarlane. The B, generation was com- 
paratively uniform in vigor and in curly top resistance, but the Bo 
generation showed a wide range of diversity for these characters. A 
study of plant type showed that there are vigorous plants with large 
leaves, small plants, and plants of intermediate size. Both curly top 
resistant and curly top susceptible plants were observed. This diversity 
in characters is obviously caused by the distribution of different chromo- 
somes among different gametes, and by the loss of some chromosomes in 
meiosis of B, plants. A cytological study of these plants should explain 
the process of chromosome distribution in the Bj generation. Selection 
for vigor and for curly top resistance in the B, generation is very impor- 
tant if the chromosomes responsible for these characters are to be maintained 
in the population. 





1. Chromosomes in the root tips of F, vulgaris-trigyna hybrids - 2x=45. 


2. Chromosomes in the root tips of B5 diploid curly top resistant 
vulgaris-corolliflora hybrids - 2x=18. 
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Investigation of B3 Generation of Beta vulgaris 
x B. procumbens Hybrids 


James C. Read 


In the genera Beta resistance to sugarbeet nematode (Heterodera 
schachtii) occurs in the section Patellares. Viable Fj hybrids 
between sugarbeet and B. procumbens, a resistant species, was obtained 
by Helen Savitsky. The Fj was resistant and by backcrossing to sugar- 
beet, all the B. procumbens chromosomes were eliminated except for 
one which carries the gene or genes for resistance (1969 Sugarbeet 
Research Report). 


Seeds from these 19 chromosome By vulgaris x procumbens plants 
were obtained from H. Savitsky in the summer of 1971. Since then, 
a total of 2,895 plants from 36 different progenies were tested 
(Table I). Plants were tested through three cycles by the Doney and 
Whitney method (1). A germination and/or seedling disease ‘problem 
occurred which accounts for the small number of plants observed in 
some of the progenies. There were 389 resistant plants and all but ten 
had 19 chromosomes. Four had 18 chromosomes, two had 18 chromosomes 
plus a fragment, three had 28 chromosomes and one had 26 chromosomes. 
Advance generations of these 18-chromosome types have not been obtained 
and it is not known if they represent a crossover and an exchange of 
gene or genes for resistant, loss of one of the sugarbeet chromosomes, 
Or an escape in testing. 


Meiosis of the 19 chromosome-resistant plants revealed no definite 
trivalents. In most cases the extra chromosome was not on the metaphase 
plate with the nine pairs of sugarbeet chromosomes. In rare cases there 
was a thin strand of chromatin connecting the extra chromosome to a pair 
of sugarbeet chromosomes. This indicates that whatever homology exists 
is so slight that only a small (probably terminal) segment of the extra 
chromosome is able to associate with a sugarbeet chromosome. Thus , 
there seems to be a very low probability of obtaining the desired 
crossover. 


To increase the chances of obtaining the desired crossover, radia- 
tion studies have been initiated. Both plants and seeds have been 
irradiated through use of the facilities at the Lawrence Radiation . 
Laboratory, Berkeley, California. Seeds were irradiated dry and soaked 
for 24 hours at 500r, 1,000r, 1,500r, and 2,000r. Plants were grouped 
as to time before anthesis and given the same doses as the seeds. The 
groupings were: (1) just prior to anthesis, (2) two to four days from 
anthesis, and (3) about a week from anthesis. Progenies from these have 
not been evaluated, but seeds from the irradiated plants have been 
harvested. 
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A study of meiosis after irradiation revealed little effect from 
the 500r dose with an increase in the number and degree of aberrations 
at each level of radiation. At 2,000r some effect was observed in each 
cell studied. The effects consisted of trivalents, quadivalents and 
higher associations at metaphase and bridges and fragments at anaphase. 
Seed production from these plants tends to support the meiotic studies. 
Good seed set was obtained from the 500r dose and very little from the 
2,000r dose except for the plant which already had undergone meiosis. 
Based on this limited data plants should be irradiated with a dose of 
1,000r to 1,500r at the stage when the greatest number of flowers are 
in meiosis. It is hoped with these and future radiation studies an 
exchange carrying the gene or genes for resistance can be obtained. 
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Table I. Results of Progeny Tests for Nematode Resistance. 


Total 
Nos#of No.of Sust No. of Res. % 
Parent No. Plants Plants Plants Res. 
8004 93 73 20 21350 
7139 109 104 3 4.60 
7278 37 31 6 16.20 
6809 29 26 3 10.30 
9130 16 Ls iE 6,25 
7120 33 oe 1 Ween 
7265 54 51 4 Tote 
8992 70 67 3 4.29 
7089 114 109 5 4.39 
7191 59 52 7 11.86 
8922 126 125 iL 7.94 
8923 73 ae 4 Lace 
7138 99 88 EL ifs 
7000 735 253 20 G.oe 
6901 90 76 14 Ino 
7067 91 Vz 19 20.88 
8994 3 50 3 5.66 
7264 133 128 2, 3.70 
8877 108 85 Zo 2roou 
7071 71k 61 10 14.08 
7094 83 64 19 22.89 
10138 64 a 15 20554 
8878 60 53 7 11.67 
10126 29 27 2 6.90 
7094 14 5 9 64.28 
8809 LS i Z Si eo 
10106 T73 142 muh Liege 
6955 93 66 ya) 29.03 
9410 154 144 20 12.99 
8050 129 109 20 15.50 
6978 44 36 8 LS oia 
6777 62 51 11 LiwI6 
8163 19 18 1 J eeu 
9690 ao 40 tS 24.53 
6800 35 29 6 17.16 
7265 193 158 35 18.13 











Total 2,895 2,506 389 13.44 
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VIRUS INVESTIGATIONS 
Characterization of the beet curly top virus 
James E. Duffus 


The curly top viruses are known to occur in arid areas of the 
United States, South America, and Mediterranean Eurasia, but the 
geographical and ecological extent of their individual distribution 
is not known. These viruses resemble each other closely in symptoms 
induced on sugarbeet, but the relationships with certain hosts and 
with the insects that transmit them are so specific and so different 
in the areas of their occurrence as to raise questions as to their 
true relationships. 


Because plant and insect quarantines prevent direct comparison 
of the virus entities by transmission tests, the application of 
serology to the study of curly top virus strains was initiated in 
cooperation with Dr. A. H. Gold, University of California, Berkeley, 
as a first step to determine relationships of the curly top viruses. 


Materials and Methods: Isolates of curly top virus used in these 
studies were maintained in beet leafhoppers, Circulifer tenellus 
(Baker), reared on diseased plants. Young adult leafhoppers of ca. 
the same age reared on healthy plants were used in membrane feeding 
tests. The nonviruliferous leafhoppers were obtained by placing 
about 200 nonviruliferous adults on individual beet plants for 2 
days. The leafhoppers were removed, and the eggs were allowed to 
hatch. The resulting nymphs were all about the same age. 


Membrane-feeding tests were conducted, using feeding cages 
modified from earlier models 3 7). The bottoms of plastic vials, 
5 cm in diam., were cut, leaving a cylinder 5 cm long. To the 
cut end of the cylinder a fine-mesh screen was attached. The cap 
end of the vial was covered with a thin membrane of Parafilm 
(Marathon Products, Neenah, Wisconsin). Groups of 26 nonviruliferous 
leafhoppers were placed in these cages. Approximately 0.5 ml of the 
liquid extract to be tested was placed on the membrane and covered 
with another thin membrane of Parafilm. Extracts were adjusted to 
15% sucrose by the addition of sucrose or dilution with buffer. 
Cages with leafhoppers and liquid extract were placed on white 
paper, membrane-side down, in a controlled temperature chamber 
maintained at 37° C. The icafhoppers were allowed to feed 4 hr on 
the extracts and then caged singly on seedling beets. 


Extracts for antigen preparation and infectivity neutralization 
tests were derived from phloem exudate, ccllected from curly top- 
infected shepherd's purse, Capsella bursa-pastoris (L.) Medic (2). 
Exudate was clarified by low speed centrifugation (10 min at 8,000 rpm, 
4,220 g) and frozen until used. 
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Density-gradient centrifugation was done in a SW-25.1 rotor for 
10 hr at 23,000 rpm (53,819 g). Gradient columns were prepared by 
layering 4, 7, 7, and 7 ml of 10, 20, 30, and 40% sucrose, respectively, 
dissolved in 0.05 M phosphate buffer, pH 7.0, containing 0.01 M 
glycine. Columns were fractionated with an ISCO Density-Gradient 
Fractionator. 


The density-gradient electrophoresis apparatus used was similar 
to that described by van Regenmortel (14). Phloem exudate was 
dialized against 35% sucrose in 0.005 M phosphate buffer, pH 8.0. 

The dialized phloem exudate was layered between 50% sucrose in 

0.005 M phosphate buffer and the bottom of the gradient. The 
gradient column was formed with 0.005 M phosphate buffer and 35% 
sucrose in the same buffer. Electrophoresis was conducted at a 
constant amperage of 7.5 mA for 22 hr. The columns were fractionated 
in 1-ml aliquots, and each fraction was assayed for virus infectivity 
by feeding leafhoppers on the extracts. 


Healthy shepherd's-purse antigen was prepared by clarifying 
crude extracts by low-speed centrifugation (10 min at 6,000 rpm, 
4,200 g) followed by ultracentrifugation (2 hr at 35,000 rpm, 
80,800 g). ‘The pellets were resuspended in 1/150 of the original 
volume of buffer. 


Beet curly top virus antigen was prepared in two ways. In one 
method, crude phloem exudate was clarified and injected into rabbits. 
The second method used the most infectious zone of several density- 
gradient electrophoresis runs as the antigen. 


Sera were prepared from the antigen preparations by 6 intra- 
muscular injections of rabbits at weekly intervals, using Freund's 
complete adjuvant (Difco Bacto). 


Results: Correlation of particles and infectivity.--The curly 

top virus is extremely stable, but attempts to study the nature 

of the infectious particle have been hampered by its apparent 

highly adsorptive qualities (3). Phloem exudate, because of its 

high virus content and its usefulness as a leafhopper-feeding extract 
(1) was used as a starting material to establish a correlation 
between particles and infectivity. ~ 


Density-gradient centrifugation of clarified phloem exudate 
resulted in infectivity in all layers in the density-gradient columns 
(Table 2). Moreover, absorbence in the ISCO Density-Gradient 
Fractionator and Scanner was obscured by light-absorbing components 
low in the columns, 
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Because of the difficulty in obtaining one infective band by 
density-gradient centrifugation, dialized phloem exudate was subjected 
to density-gradient electrophoresis. The virus, as evidenced by 
infectivity tests, migrated well in the electrophoresis columns. 
Although the electrophoresis fractions containing virus varied some- 
what in their position in the colums in different runs, the zone 
with the highest infectivity appeared, in electron-microscope 
observation, to be completely separated from other particulate 
material. Infectivity was generally found 6-24 cm from the origin, 
with the region of highest infectivity 14-17 cm from the origin. 


The region of highest infectivity showed one type of particle 
in shadowed preparations--small, spherical, spongy-appearing particles 
ca. 19-20 nm in diameter and occurring mostly in clumps (Fig. 1). 
The particles are similar to particles found by K. M. Smith and 
C. W. Bennett from phloem exudate passed through gladocol membranes 
with estimated pore sizes of ca. 25nm(3). Characteristic particles 
were absent from zones with no infectivity. 


Infectivity neutralization.--Serological neutralization of 
infectivity (11) was conducted in two ways. In the first, insects 
were fed directly on the virus-antiserum reactants. This technique 
demonstrates virus neutralization. In the second method, the virus- 
antiserum reactants were subjected to density-gradient centrifugation 
before the feeding of insects. Since earlier work with density- 
gradient centrifugation had indicated infectious zones scattered 
throughout the gradient columns, all zones were fed to insects. This 
technique also demonstrates virus neutralization. The procedure for 
the first method consisted of mixing clarified phloem exudate, or 
partially purified electrophoresis fractions, with an equal volume 
of buffer, normal rabbit serum, antiserum to the juice of healthy 
shepherd's purse, or antiserum to the virus. After incubation for 
2 hr at aT we the mixture was fed to nonviruliferous beet leafhoppers 
through membranes. The beet leafhoppers were caged individually on 
sugarbeet seedlings. Infectivity of three curly top virus isolates 
was almost completely neutralized with antiserum CT-1 (produced 
against curly top phloem exudate), but only partially with antiserum 
CT-E (produced against curly top electrophoresis zones) (Tables 1, 2). 
Normal rabbit serum or antiserum against healthy shepherd's purse 
juice had little effect on infectivity. 


Another experiment was designed to measure the titer of anti- 
serum (CT-1) against strain 11 of the curly top virus (Table +), 
The reaction was carried out using phloem exudate diluted to 15% 
sucrose with buffer. Antiserum was diluted with 0.85% NaCl in series 
to 4"? the original concentration. The dilutions of antiserum were 
incubated with the diluted phloem exudate for 2 hr at 37° and fed to 
leafhoppers. Dilutions of antiserum to e-1 effectively neutralized 
this concentration of the curly top virus. The dose of antiserum 
that neutralized half the infectivity was determined to be a dilution 
between 47-2 ana 4-3. 
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Table 1. Infectivity neutralization of beet curly top virus isolates 


Infectivity of isolates after incubation 


Sample Tested with the indicated diluent 


Strain 11 Isolate 8 Isolate 22 
Buffer + virus” 76° 72 84 
Normal serum + virus 19 69 9 
ASHSP® + virus 69 15 Th 
ASCT-1 + virus oD O - 0 
ASCT-E + virus 31 28 Ki 


“ Dialized phloem exudate was subjected to density-gradient electro- 
phoresis. The most highly infectious zones in bands 14-17 cm from 
the origin were pooled and frozen until use. The virus sample was 
diluted with buffer to 15% sucrose and then mixed with an equal 
volume of the indicated diluent and incubated for 2 hr at 37°. 


b 
Number of plants infected out of 200 inoculated by individual beet 
leafhoppers fed through a membrane on each sample. 


© Antiserum to healthy shepherd's purse (ASHSP); antiserum to Strain 11 
curly top virus prepared against phloem exudate (ASCT-1); antiserum to 
Strain 11 curly top virus prepared against density-gradient electro- 
phoresis fractions (ASCT-E). 
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Table 2. Infectivity neutralization of beet curly top 
virus followed by density-gradient centrifugation 


Infectivity of zone after incubation 
Density-Gradient with the indicated diluent 
Zones@ Normal 


Buffer ASGLw 
Serum 


ay 


OPW FWAFARDNOW FMWD 
HW EFEFONDNDANWWHEDWEH 
SCOCCOCOOCOOOCCCO 


& Dialized phloem exudate was diluted to 15% sucrose 
with buffer, and the virus sample was mixed with an 
equal volume of the indicated diluent and incubated 
for 2 hr at 37°. The virus-antiserum reactants were 
subjected to density-gradient centrifugation and 
fractionated. 

» Number of plants infected out of 16 plants 
inoculated in 2 tests by individual beet leafhoppers 
fed through a membrane on each sample. 
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Table 3. Effect of serum dilution on infectivity 
neutralization of beet curly top virus 


Infectivity of sample after 


Sample Tested incubation with the indicated 
serum dilution 
ASHSP@ + virus? 72° 
ASCT-1 + virus 3 
AScT-1 2-1 + virus O 
asct-1 4-1 + virus 18 
ASCT-1 4-2 + virus 28 
Asct-1 4-3 + virus 57 
ASCT-1 4 + virus 70 
ASCT-1 47? + virus 63 





@ Antiserum to healthy shepherd's purse (ASHSP); 
antiserum to Strair 11 curiy top virus preparéd 
against phloem exudate (ASCT-1). Serum dilutions 
were made with 0.85% NaCl. 


Virus sample was prlicem exudate diluted with 
buffer to 15% sucrose. 


© Number of plants infected out of 145 inoculated 
by individual beet leafhonpers fed through a 
membrane on each sample. 
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Discussion: A systematic study of the geographic distribution and 
interrelationships of the curly top viruses, which cause serious 
disease losses on several major world food crops (13); could be 
economically and scientifically important. The viruses appear to 
occur in several well defined areas (4, 5, 6). They show several 
strong similarities, yet there are differences that raise questions 
concerning their true relationships and their areas of origin. The 
only known vector of curly top virus in North America is the leaf- 
hopper, Circulifer tenellus. This species has no close relatives 
in the New World (12). Curly top virus in Turkey and Iran has been 
transmitted by C. tenellus and C. opacipennis (Lethierry ) (3). The 
close relatives of C. tenellus are indigenous to the Old World (12). 
This information indicated to Bennett (6) that North American curly 
top virus probably originated in Mediterranean Eurasia along with its 
vector. The South American curly top viruses are transmitted by 
leafhoppers (Agalliana ensigera Oman, Agallia albidula Uhl, and 
Agallia sticticollis) not closely related to | C. tenellus. Thus, we 
have the apparent paradox of curly top viruses in different parts 
of the world, very similar in many of their properties, and highly 
specific in ies relationships with the insects that transmit them; 
yet, the South American curly top viruses are distinguished from the 
others by their dependence for transmission on leafhoppers that are 
quite unrelated to the beet leafhopper of other parts of the world. 


A serological approach to a geographic study of the various 
curly top viruses would be especially valuable. The studies reported 
herein indicate that curly top virus is immunogenic and may be tested 
by one of the most specific of all virus-antibody reactions--neutrali- 
zation. Neutralization of infectivity by immune sera has greatly 
aided in the clarification of some of the interrelationships of the 
yellowing viruses of the beet western yellows group (8, 9, 10, 1? )< 
It is a sensitive test and can be used for demonstrating serological 
relationships where the precipitation test cannot be applied. It 
also has the advantages that antibodies to normal plant constituents 
do not affect the usefulness of the serum and that it detects active 
virus. 


(1) 


(2) 


(3) 


(4) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 
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Fig. 1. Electron micrograph of shadowed beet curly top virus 
particles. Bar represents 100 nm. 
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Ultrastructure of Tapetal Cell Degeneration in 
Normal and CMS Anthers of Sugarbeet 


Lynn L. Hoefert 


Normal tapetal cells differentiate from sporogenous cells early 
in anther ontogeny. The tapetal cells divide just before meiosis to 
become binucleate cells, rich in cytoplasm, and separated from each 
other and the developing microspores by anticlinal and radial walls 
(fig. 1). At the time the tetrad cells separate, (through dissolution 
of the callose wall) the tapetal cell walls also disintegrate and 
naked tapetal protoplasts form a single cell layer around the micro- 
spores. At this stage, the tapetal cells are enclosed merely by a 
cell membrane or plasmalemma (fig. 2). 


The dark exine or pollen wall material (termed sporopol lenin) 
is deposited on the microspores. The tapetal cells at this stage 
appear cytologically active and are thought to provide secretory 
nutrients to the developing microspores (fig. 3). 


As small vacuoles appear and coalesce to form large vacuoles 
within the microspore cytoplasm, the tapetal cells of normal anthers 
degenerate (fig. 4). The cell membrane or plasmalemma becomes 
disrupted, the cytoplasmic organelles are released into the anther 
locule and disintegrate; and the tapetal nuclei also degenerate. By 
the time the microspores undergo mitosis to form the pollen grain 
with its vegetative and generative cells, the tapetal cytoplasm has 
disappeared from the anther locule. 


In CMS anthers, the tapetal cells show no adverse changes until 
the end of meiosis, and they are indistinguishable from normal tapetal 
cells. As soon as the tapetal walls begin to dissolve in CMS anthers, 
the cells undergo extensive vacuolation (fig. 5). Progressive, rapid 
degeneration of tapetal cells ensues during the maturation of the 
tetrads (fig. 6). Normally, tetrad cells first are separated by the 
callose wall, and then each secretes an individual cellulosic wall 
(or primexine) which is covered by sporollenin after the microspores 
are released from the tetrads. By the extent of the primexine, one 
can distinguish early tetrads from late tetrads. Figure 6 shows late 
tetrads with well-developed primexine, degenerated tapetal cells, and 
degenerating tetrad cells. A slightly later stage (fig. 1) shows 
degenerated tapetal cells and degenerating microspores in tetrads. - 
Further degeneration produces a central mass of collapsed microspores 
and tapetal cytoplasm and finally the CMS anther itself collapses. 


If normal tapetal cell secretion and degeneration provide 
nutrients for developing microspores, it is easy to see how precocious 
degeneration of tapetal cells in CMS anthers leads to their collapse. 
It is apparent that proper timing of tapetal cell degeneration is 
essential and that premature collapse of tapetal cells leads inevitably 
to microspore and anther degeneration. 
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Fig. 1-4. Stages in normal tapetal cell degeneration. All x 5500. 
Fig. 1. Tapetal cells with walls (w), quantities of endoplasmic 
reticulum (er), and nuclei (n). Fig. 2. Tapetal cells with 
walls dissolved, nucleus (n). Fig. 3. Microspore stage, 
developing exine (e), and tapetal cytoplasm enclosed by plasmo- 
lemma. Fig. 4. Vacuolate (v) microspore with nucleus, and 
degenerated tapetal cytoplasm. 


Fig. 7-9. Tapetal cells of CMS anthers. All x 12,400. Fig. 7. 
Extensive vacuolation (v) of walled (w) tapetal cell with 
quantities of endoplasmic reticulum (er). Fig. 8. Degenerating 
tapetal cell cytoplasm (arrow) and tetrad cells separated by 
callose wall (cw), primexine present (pe). Fig. 9. Degenerated 
tapetal cell cytoplasm (arrows) and tetrad cell with callose 
wall (cw) and degenerated cytoplasm (cy). 
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Bacterial Rot of Sugarbeet 


E. D. Whitney 


During the late summer and fall of 1971, a rot of sugarbeet of 
epidemic proportions (30-40%) developed in beets grown in the Lost 
Hills area of California. Efforts to isolate a fungal pathogen from 
the infected beets failed. In 1972 a cooperative effort between the 
USDA, University of California, and the California Sugar Companies 
was undertaken to investigate the disease. 


The disease.--The disease is characterized by vascular necrosis of the 
crowns, roots, and petioles followed by the development of a wet rot 
in the crowns and roots. Infected petioles usually exhibit black 
longitudinal lesions which may split. The crowns may also show 
splitting. From these openings a black ooze exudes which may show 
evidences of foaming. In root and crown cross sections the area 
adjacent to the necrotic vascular bundles turns pink or reddish- 

brown when exposed to the air for a few minutes. The rot develops 
slowly with the wet rot stage lasting 3-4 weeks or longer. 


The causal organism is a bacterium of the genus Erwinia which is 
related to the organism causing soft-rot of potatoes, carrots, and 
other vegetables (1). 


The effect of the disease on percentage root-rot and yield of 
selected varieties.--To evaluate the effect of the disease on 
varieties, four varieties were planted in replicated strips. The 
varieties S301 H8, US H9A, US HIOA, and C-413 were planted in two 
row plots with two passes through the field. The three hybrids have 
the same Fj hybrid parent, 569 H3. The pollen parents of all three 
hybrids were originally derived from US 22. The pollen parents of 
US H9A and US H10A were selected for virus yellow resistance and 
bolting resistance. The pollen parent, A6201 or S301 H8 was 
selected for bolting resistance only. Of four plantings, rot developed 
in two. The plots were planted in April and May. 


Some rot was observed in the two plots by July 25, 1972, but the 
differences among varieties were small. However, by August 23 
differences became evident. At each harvest date, two 10-foot sec- 
tions, one from each strip, were randomly selected and the percentage 
of beets with rot determined (Table 1). Counts were made about every 
3 weeks. 


Six two-row plots 12.5 ft long from three random locations within 
the strip planting of each of the two fields were harvested November 21 
and weighed. The data were analyzed as randomized complete blocks 
with 6 replications. The beets were also analyzed for percentage 
sucrose, ppm amino nitrogen, sodium and potassium. The data are 
presented in Table 2. 
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Results of tests by the University of California conducted at 
Davis, California, showed that infection occurred after inoculation 
of injured and noninjured large field-grown sugarbeets. However, 
the percentage of infection was greater in injured plants (1). 


To determine if injury was necessary to get infection in green- 
house-grown beets (five weeks old), four varieties, US HOA, US 75, 
c-h13, and 569 H3, were inoculated with a mixed inoculum of isolates 
SB-, -6, and -7. The plants were injured by poking one small hole 
with a dissecting needle in each of four petioles approximately 1 cm 
from the crown. The plants were then inoculated by atomizing about 
1 ml of inoculum into the crown of each plant. Noninjured plants 
were similarly treated. Three plants from each treatment were placed 
either in the greenhouse, moist chamber or growth chamber. The 
humidity in the moist chamber was approximately 100%. The growth 
chamber was maintained at 28° C and about 90% humidity. Data were 
recorded 4 weeks after inoculation (Table 3). 


A similar test of 10-week old plants placed only in the moist 
chamber was made. Each variety was replicated six times. .Data 
were collected seven weeks after inoculation (Table 3). 


During the selection of C-413 from US 75 for virus yellows 
resistance, only plants with green hypocotyls were selected. To 
test the difference in the susceptibility of the parent and the 
selection and whether green hypocotyls had any effect on suscep- 
tibility, these two varieties were tested. Eighteen 4-week old 
plants of C-413, US 75 with red hypocotyls and US 75 with green 
hypocotyls were used. The plants were inoculated with a composite 
inoculum of isolates SB-4+, -6, -7, and -13 in equal concentrations 
(reading of 100 on a Klett-Summerson colorimeter with green filter). 
The plants were placed in a growth chamber at 28° C, 90% RH and 
14 hrs light for the first 20 days and then placed in the greenhouse. 
Readings were made 1 month after the inoculation. The results are 
based on a scale of O to 2; O = healthy, 1 = some infection, 2 = 
dead (Table +). 


Effect of rot on sugarbeet quality.--Reports from processors indi- 
cated that beets with rot in 1971 were difficult to process. There- 
fore, tests were run to evaluate the effect of rot on beet quality. 


Two approaches were used to evaluate the quality of beets with 
rot. In the first, known weights of rotted and healthy sugarbeets, 
(USH9A ) were mixed. The beets were run through a saw to collect the 
brei. In the second, paired adjacent beets, one rotted and one 
healthy, were selected in the field. The single beets were run 
through a beet rasp to collect the brei and mixed on a weight basis. 
The brei was analyzed for percentage sucrose, ppm amino nitrogen, 
sodium and potassium. The data from these tests are presented in 
Table 5. 
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Discussion and conclusions.--The isolation of a pathogenic bacterium 


by Thomson and Schroth (1) from diseased sugarbeets was a major step 


in the elucidation of this disease of sugarbeet. 


The observations that the pollen parent C-413 is highly suscep- 
tible to bacterial rot is of great concern due to its invaluable 
contribution to the control of virus yellows of sugarbeet. However, 
observations suggest that variation for resistance exists within 
selections with virus yellows resistance but will require the develop- 
ment of a selection and testing program. 


The data indicates that some type of opening to the vascular 
tissue is necessary for the bacterium to incite disease. These 
openings could be due to cultural practice which injure the plant or 
wounds from growth cracks due to rapid growth. 


These preliminary results suggest that the Fy hybrid 569 H3 is 
more resistant than the pollen parent, C-13. 


There does not appear to be any linkage between hypocotyl color 
and susceptibility to bacterial infection. However, the parent 
variety US 75 is significantly more resistant than the yellowsresis- 
tant selection, suggesting a linkage or an inadvertent selection for 
bacterial susceptibility when virus yellows resistant plants were 
selected. A linkage, however, would seem unlikely as virus yellows 
resistance appears to be quantitatively inherited. 


Sugarbeet quality is affected by bacterial rot to the greatest 
extent by the reduction in percentage sucrose. An inverse linear 
relationship between percentage rot and sucrose occurs. In some 
cases, tests 2 and 3 (Table 5), an increase in amino nitrogen resulted. 
These two factors would decrease beet purity and reduce extractable 
sugar. 


One interesting factor which also decreased purity of beets from 
the Lost Hills area of California was the high sodium content of the 
beets grown on these desert soils. Sodium content was 5 to 10 times 
greater than for sugarbeets grown in the Salinas Valley of California. 


Literature Cited 
1. Thomson, Sherman V. and Milton N. Schroth. 1972. Vascular 


necrosis and rot of Sugar Beets. California Plant Pathology 
Le: 2. 
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Table 1. Susceptibility of Varieties to Bacterial Rot. 


% Rot of Sugarbeet Varieties 


Date_ US H9A US H1OA S301H8 C-413 
8/23 11.8 10.0 Ad 14.6 
9/12 14.9 10.5 Dot 36.2 
9/26 1681 15.0 8.8 35.5 

10/16 oat TOS. 20.0 52.2 

11/21 13.5 15.5 1259, 25.2 

x 137, 13.4 9.6 Boe (i 


ESD 0508.0 


Table 2. Effect of bacterial rot on yield of selected varieties. 


% PPM PPM PPM 

Variety” fest |) T/A 9 Sugar NHpN Mi 
US H9A a 33.8 12.9 515 1287 2674 
2 38.8 eT. 660 2006 2769 

US H10A 1 32 &h 1 Shy 1097 2511 
2 36.9 12.4 667 1871 2780 

S301 H8 cB 35.7 12.8 625 1455 23 
2 36.9 21.9 The 2059 2776 

C-413 IT 26.4 Tee 534 962 £109 
2 26.8 122 610 1763 3027 





LSD .05 = 3.2 T/A 


@ Yields for these four varieties at Salinas in 1969-70 were 47.4, 
46.6, 41.6 and 45.1 T/A, respectively. LSD .05 = 4.1 T/A. (Sugar- 
beet Research, pg B8-B9, 1970). 
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Table 3. Effect of Injury on the Susceptibility of Sugarbeet to 
Bacterial Infection. 


b 
Varieties® (5 weeks) 


Treatment US HOA US 75 £sh13 569H3 
Injury® 2/3% 1/3 2/3 LAs Greenhouse 
2/3 2/3 3/3 1/3 Moisture Chamber 
1/3 1/3 2/3 Le Growth Chamber 
Total 5/9 h/9 7/9 3/9 


(10 weeks )? 


Injury~ 1/6 1/6 2/6 0/6 Moisture Chamber 





US-15 0 Gels 
569H3 


US H9A 
b ; 2 - 
Age of plant at time of inoculation. 
i Only one of 36 non-injured plants was infected. 


¢ Number dead/number inoculated. 


e 
None of the non-injured plants was infected. 
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Table 4, The Effect of Variety and Hypocotyl Color on Susceptibility 
to Bacterial Infection. 





Varieties 
c-H13 US_15rr US_75R-" 

Rep 1 ah 2 2 

2 S L Dp 

3 5 2 1 

4 3 2 2 

> I 3 = 

6 in O 3 
Total 20 10 13 

x BT Lag DE2 





ISD .05 = 1.1 


sf rr = green hypocotyls, R = red hypocotyls. 


: Total of 3 plants/pot. 


e Rating O = healthy, 1 = some infection, and 2 = dead on a single 
plant basis. 


‘TOAST GOT SU} 78 JUBOTITUBTSs ueFZor4TU oupue Jo eseatouT 








q 
*°$790q Pd1701 JO USFOTYTU OUTWe UT EesBeeTOUT JUBOTITUSTS . 
ST=N 6TOE SHo€ qgt00T grt 9L92 O€€2 ET6 8°6 € 
12 = N S672 QTHT ,8TeT g°T céte TerT +96 g°L g 
ST=N 6€Te tle 692 Or2 €9te tele 991 tag T dxg 
s}oog perteg 
_ S=N Loe Liscecye = Lye BOLL Tegt 29L Mes sjeeg STOuM 
Ps ¥ eN EN esozong y eN n-°RN esozong VUSUL BET, 
Wdd Wdd  Wdd g Wdd Wdd  Wdd g 
OOT On 
70L2 LOOZ S89 Otol TLOS T96T 649 SET GgS2 gegT 9f9 G°HT € 
2IS2 QyST TER O20T QSS2e OST Eng 8°OT 6€S2 LIST 172g Cart g 
nots ete Std, 9°98 este Lola Tel 9°6 QLES grlZ QTE 9°OT T dxg 
S}eeg PelTeg 
DHaL LIQts. col E°6 Gtyt 62LT 062 2°OT 6LT2 OLT2 02g €°OT S}eeg STOUM 
y BN n-CHN eso.zong M SN n-HN esotong M eh ut- CHN asozong USUI Bd], 
Wdd Wdd Wdd y Wdd Wdd Wdd Y Wdd_ Wdd Wdd 
Og OT 0 


40" 9% 


“AATTen® yeeqte¥ng uo Joy TeTseqoeg Jo xOeTTH °S STqeBy 


-. B71 - 


The Effect of Beet Yellow Virus on the Susceptibility of 


Sugarbeet to Rhizoctonia solani 


E. D. Whitney 


Beet yellows virus (BYV) and Rhizoctonia solani Kuehn are important 
pathogens of beets in some areas of California. Some field observations 
have suggested that plants infected with BYV are more susceptible to 
R. solani than healthy sugarbeets. To test this possibility the 
following test was conducted. 


Materials and methods.--Three and 7 week old hybrid sugarbeets, 554 Ht, 
were inoculated with strain 5 of BYV by placing viruliferous aphids 

on each plant for 3 days. The soil of each plant to receive R. solani 
was infested with the fungus by sprinkling 0.1 g of barley-fungus 
inoculum into each pot of soil. The inoculum was then covered with 
autoclaved-moist soil. ‘Two isolates of the fungus were used; Rs 18, 

a damping-off isolate, and Rs 6, a root-rot isolate. Four replications 
of two plants each for each treatment were used. The treatments were 
healthy plants, BYV-infected plants, plants grown in fungus-infested 
soil, and a combination of the two. The fungus was added to the soil 
1 and 3 weeks after BYV inoculation for the 3-week old plants and 1 
week after for the 7-week old plants. 


Results and discussion.--None of the combined fungus-virus treatments 
appeared to be more destructive than the fungus alone. Neither 

number of plants killed nor number of days until plant death strongly 
suggested any increase in the susceptibility of BYV-infected plants 

to R. solani (Table 1). These data suggest that an interaction between 
the virus and the fungus is not common. However, different strains of 
the virus or isolates of the fungus may interact to cause a synergistic 
effect on sugarbeet. 


Table 1. Effect of R. solani in combination on sugarbeet. 





Isolate R.s. 18 Isolate R.s. 6 
Plant age S bree R.s. and BYV nea. R.s. and BYV 
3 wk/h wk P/gzeetgior Wg/ge {8 8/8 29 8/8 22 
3 wk/6 wk OLS an O/ Sin — 8/8 63 Tie .00 
7 wk/8 wk O/8+ Sis OLB tate 5 Onbent 6/8 73 





@ Plant age at time of BYV inoculation/plant age at time of R. solani 
inoculation. 


2 No. of plants killed/total plants. 


© Mean age of plant at death, days. 
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Effects of Fumigation, Fertilizer, Variety and Crop 
Rotation on Yield, Sucrose and Purity of Sugarbeets 


I. O. Skoyen and &. D. Whitney 


The coneluding year's results are reported of a three-year 
experiment designed to study the effects of soil fumigation on soil- 
borne disease organisms, on increasing yield, and the effects on 
percent sucrose and purity. Reports summarizing experimental 
procedures and results for the first two years are presented in 
Sugarbeet Research, 1970 Report, pages B74-B80 and in the 1971 
Report, pages B61-B65. All the comparisons that could be made over 
years for the experiment are not reported because the analyses are 
not completed. 


Materials and Methods: The factorial design for the 1972 phase of 
the experiment had four levels for crop rotation, three Jevels for 
nitrogen and two levels each for fumigation and varieties. A split- 
split plot field arrangement was also used for the 1972 test. Crop 
rotations were the main plots, fumigation treatments the sub-plots, 
and variety-fertilizer combinations sub-sub-plots. All treatments 
were completely randomized within each of the three blocks and within 
the sub-plots. Each block was a replication. 


Nitrogen (N) fertilizer levels in 1972 were 100, 178 and 264 lbs. 
per acre (/A). Level one, applied preplant, included 56 lbs. P90 
and 28 lbs. Ko0/A. A sidedress application of 78 lbs. N/A on levels 
two and three was made eleven weeks after planting and the final 
application of 86 lbs. of N/A on level three, four weeks later. 


The soil fumigation (with 67% methyl bromide--33% chloropicrin), 
using commercial equipment, was made on February 22, 1972 at a rate 
Of =350 lbs./A. The fumigant was injected 8 inches deep and a plastic 
tarp was laid over the treated area simultaneously with the injection. 
Soil temperatures were 53-54° F at the 8-inch depth. The plastic 
tarp was removed after 3 days. 


Test varieties US H7A and US H9B were sown March 24 and thinned 
May 2-h, 1972. 


Frequent irrigations of short duration (by sprinkler system) 
were used to avoid runoff, to minimize possible contamination of 
treated strips and as needed to maintain growth. 


Plot size was the same as in 1970 and 1971, 4 rows wide by 27! 
long and with 3' alleys between plots. The two center rows were 
harvested and the roots weighed and analyzed for percent sucrose, 


~*Bj3*- 


ppm NH» nitrogen (NHON), ppm sodium (Na), ppm potassium (K), and 
impurity index. The test was harvested October 2-3, 1972, approximately 
six and one-half months after sowing. 


Results and Discussion 


The test results were analyzed in three sets: (1) all data 
combined in which history-fumigation levels were combined under treat- 
ments, (2) as a three history-two fumigation factorial for the main 
plots, (3) as a two history-four fumigation factorial for the main 
plots. The three history-two fumigation factorial analyses (Set 2) 
is reported because it shows the essential differences that occurred 
in the 1972 test (Table 1). 


Main Effects: There were fewer significant differences between treat- 
ments for main effects (Yr, F, Ft and V) than occurred in the 1970 
(page B78) and 1971 (page B65) tests. Gross sugar differences were 
not significant for any test variable or interaction comparisons. 
However, plots producing four-year-beets had significantly lower 

tons per acre (TPA ) than plots in beets either three years or one 
year. The latter two had essentially the same root yields. Root 
yields for fumigated plots were similar to those observed in previous 
years and outyielded non-fumigated plots significantly, by 3.2 TPA. 
Responses to nitrogen fertilization for root yield, as in 1970 and 
1971, showed highly significant yield increases with successive N 
applications. Plots receiving 178 lbs./A of N yielded 3.6 TPA more 
and those receiving 264 1bs./A of N yielded 5.3 TPA more than plots 
receiving 100 lbs./A of N. As in the past, the gross sugar values 

and percent sucrose for 264 lbs. of N show that the significant loss 
in percent sucrose due to excess N are not compensated by increased 
tonnage. TPA for US H9B was significantly higher than that of US H7A 
but percent sucrose was equivalent. The optimum N fertilization level 
for the 1972 test was 178 lbs./A with sucrose percentage averaging 
only 0.23% point lower than the low level of N. 


In 1972, as in 1971, the only differences in ppm NHoN in the 
roots occurred in the fertilizer treatments with each increment of N 
producing significantly higher NHoN. The ppm Na content in roots of 
US H7A was significantly higher than that in roots of US H9B. This 
has occurred over the three years of the test. Significant differences 
again occurred in all test variables for ppm K in the roots. Roots 
from first- and third-year-beet plots, from fumigated plots, from 
US H7A plots, and roots from both the second and third N fertilizer 
levels each had significantly higher ppm K than that of the 
corresponding treatments. 


There was a significant difference due to replications (blocks) 
only for percent sucrose in the 1972 test, indicating good test 
reliability. 


- B74 - 


Interactions: In 1972 test results, significant interact: ons occurred 
in only five of a total of 77 possible associations. This is a marked 
departure from results for 1970 and 1971. Full interpretation wiil 
require examination of the analyses for all data over the years of the 
experiment. All significant associations were two-factor. 


The comparison of years x fumigation (Yr x Fu) showed significant 
associations (5%) for both sucrose and ppm Na. The difference occurred 
in fourth-year-beet plots where roots from non-fumigated plots had a 
mean percent sucrose 1.1 points higher than that in roots from fumigated 
plots. However, for third- and first-year-beet plots the range in 
percent sucrose was only about 0.1 and 0.3 respectively between 
fumigated and non-fumigated plots. It appears that fi«:d variability 
must have contributed to these unusual results although this was not 
visually apparent. The Yr x Fu interaction for Na was also significant 
(5%) but of questionable reliability. Na uptake by the roots in 
fumigated plots (396 ppm) was a mean 158 ppm higher than that in non- 
fumigated plots (238 ppm) for fourth-year-beets. However, ir third- 
year beets Na uptake was slightly greater in non-fumigaied lots 
(42 ppm) and in first-year-beet plots Na uptake was equsai between 
fumigation treatments. 


The questionable results for Na are also reflected in the years x 
variety (Yr x V) interaction. This was significant ‘5%; but with an 
unlikely range between the two varieties for third-year-beets where 
US H7A showed a mean 128 ppm greater Na uptake than US H9B. Uptake 
between varieties was nearly equal for both fourth-year and first-year- 
beets. However, US H7A had the greater uptake in all instances. This 
interaction was highly significant in both 1970 and 1971. In 1972, 
fourth-year-beets showed greater Na uptake than first-year-beets although 
not significantly. 


As in previous years, the significant (5%) variety x nitrogen 
(V x N) interaction again demonstrated the inverse effect of high 
nitrogen fertilization on percent sucrose and impurity index. Sucrose 
percentage was highest with the 100 lbs. of N (low level) treatment, 
was only slightly depressed at the 178 lbs./A treatment and was reduced 
substantially by the 264 lbs./A (high level) of N. This reduction, with 
264 lbs. N/A, compared with the percent sucrose for 100 lbs. of N, was 
0.63 percentage points for US H7A and 1.53% for US H9B. US H9B had 
slightly higher sucrose percentage than US H7A at the low level of N. 
The mean impurity index for varieties was 573 for the 100 lb. low level 
of N, 649 for 178 lbs. of N and 761 for the 264 1b. high level of N. 
US H/7A had the higher impurity index at the low level of N and was 
lower than US H9B at the high level of N and by nearly the same magnitude 
of difference. The impurity index was the same for both varieties at 
the middle level (178 lbs.) of N. 
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It was stated in the 1971 report (B64) that repeated beet cropping 
had a depressing effect on yield. This relationship is not as sharply 
defined in the 1972 results. This year, plots in beets for } years 
showed substantially lower root yields than first-year beets, but 
plots in beets three years had the highest root yield, by a small 
margin, over first-year-beet plots. This indicates probable field 
variability. Such factors as damping off, effects of root damaging 
and/or root rotting fungi showed minor effects during the growing 
season and were not restricted to any given treatment. 
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NEMATOLOGY STUDIES 
Arnold E. Steele 


Results of 1972 tests of nematicides for control of 
Heterodera schachtii on sugarbeet. 


A test of 12 treatments was replicated 7 times in a randomized 
complete-block design on a field of clay loam soil (44% clay, 28% silt, 
and 28% sand) infested with Heterodera schachtii. Nematode counts 
ranged from 15-45 cysts with viable eggs/100 gm of dried soil. Plots 
consisted of 4 beds 100 feet long with 2 rows per bed. Telone was 
applied broadcast at a depth of 8 inches on January 24. Temik 10G was 
applied below the seed row in 1- or 5-inch bands at a depth of 4 inches 
on January 25. Mocap 10G and Nemacur 15G were applied below the seed 
row in 5-inch bands at a depth of 4 inches on January 31. ‘Temik 10G 
was also applied as a side-dressing between the seed rows at a depth 
of 4 inches on January 25; on the furrow side of the row and at furrow 
depth on March 22. The plots were planted to sugarbeet on February 1, 
sampled to evaluate nematode control and thinned on March 20, and 
harvested on October 3. 


Only Temik 10G at 4 or 6 lb. active/A applied in 1- or 5-inch 
bands, respectively, significantly reduced populations of sugarbeet 
nematodem sugarbeet by thinning time. Beets in plots treated with 
Mocap 10G were stunted. Yields of beets and sugar at harvest were 
highest from plots treated with 4 lb. active of Temik 10G, applied 
either in a l-inch band at planting, or as a side-dressing after 
thinning. 


A second test of 17 treatments was replicated 5 times in a 
randomized complete-block design in a field of clay loam soil (444% 
clay, 28% silt, and 28% sand) infested with Heterodera schachtii. 
Nematode counts ranged from 9 to 25 cysts with viable eggs/100 gm of 
dried soil. Plots consisted of 4 beds 100 feet long with 2 rows per 
bed. Telone was applied broadcast at a depth of 8 inches on March 23. 
Mocap 10G, Nemacur 15G, Temik 10G, and Vydate 10G were applied before 
planting on March 27-29. Vydate 10G was applied in a l-inch band, 4 
inches below the soil surface under the seed row. Mocap 10G and 
Nemacur 15G were applied in 12-inch bands on the soil surface and 
incorporated to }} inches. Temik 10G was applied in 1- oy 5-inch bands 
4 inches below the soil surface under the seed row, or in 5- or 12- 
inch bands on the soil surface and incorporated to 4 inches. Temik 10G 
was also applied as a side-dressing on the furrow side of the row and 
at furrow depth on March 29 or on June 23. The plots were planted to 
sugarbeet on April 7 and thinned on June 6. Plant samples were obtained 
to evaluate nematode control on May 31-and July 26. Yield data were 
not obtained for this test. 
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Only Temik 10G applied as a sidedressing at planting significantly 
increased growth of sugarbeet by thinning time. These treatments also 
appeared to give the best control of sugarbeet nematode, and control 
was still evident more than 3 months after application. However, 
sidedressings of 2 or 4 1b active/A of Temik 10G after thinning resulted 
in decreased populations of sugarbeet nematode in plants sampled 33 days 
after application and 110 days after planting. Mocap 10G stunted growth 
of sugarbeet and failed to control the sugarbeet nematode, whereas Telone, 
Nemacur 15G. or Vydate 10G gave good control. 


Information on nematicides evaluated: 


1) Mocap 10G* - (Prophos) 0-Ethyl S,S-dipropylphosphorodithioate. 
Mobile Chemical Co., Richmond, Virginia. 


2) Nemacur 15G* - (Bayer 68,138) Ethyl 4-(methylthio)-m-tolyl 
isopropylphosphoramidate. 
Chemagro Corp., Kansas City, Kansas. 


3) ‘Telone* - 1,3-Dichloropropene and related chlorinated C3 hydro- 
carbons. 
Dow Chemical Co., Midland, Michigan. 


4) Temik 10G* - (Aldicarb) 2-Methyl-2-(methylthio )proprionaldehyde 
O-methylcarbamoyl oxime. 
Union Carbide Corp., Salinas, Califomia. 


5) Vydate 10G* - (DPX 1410) S-methyl 1-(demethyl carbamoyl )-N- 
(methyl carbamoyl )osy 
E.I. duPont de Nemours and Co., Wilmington, Delaware. 


* Mention of a trademark or proprietary product does not constitute a 
guarantee or warranty of the product by the U.S. Department of Agriculture 
and does not imply its approval to the exclusion of other products that 
may also be suitable. 
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The effects of pretreatment with nematicides 
on hatching and emergence of larvae 
from cysts of the sugarbeet nematode 


In three separate tests water solutions of several nematicides 
(Tables 3, 4 and 5) were tested for lethal affects to embryonated 
larvae of the sugarbeet nematode, Heterodera schachtii. Cysts 
obtained from infected plants grown in a greenhouse were treated 
one week with nematicide solutions at room temperatures, after 
which the cysts were removed from the chemical solutions, and 
placed in several changes of tap water during a period of 4 days. 
The cysts were then placed in sugarbeet root diffusate for 4 
weeks to stimulate hatching and emergence of larvae as a@ means 
of assessing the nematicidal effects of the chemical treatments. 
Counts of emerged larvae (Tables 3, 4 and 5) were analyzed for 
statistical significance. 


None of the chemical treatments completely suppressed hatching 
of sugarbeet nematode larvae. Only cysts treated with 10Q-1000 ppm 
Nemacur or 100 ppm Aldicarb sulfone showed appreciable reductions 
in larval hatches. The data indicate that under these conditions 
Nemacure is an effective contact ovicide and that if the other 
tested materials are effective nematicides they must act against 
hatched larvae in the soil or in plants. 


Cooperator: Larry Hodges, Union Carbide Corp., Salinas, California. 
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The influence of in vitro chemical treatments on development of 
larvae of the sugarbeet nematode on sugarbeet. 


Second stage infective larvae of Heterodera schachtii were stimulated 
to hatch and emerge from cysts by treatment with sugarbeet root diffusate. 
Water solutions of Aldicarb, Aldicarb sulfoxide and Aldicarb sulfone were 
prepared in concentration of 5, 10, 25, 50 and 100 parts per million (ppm). 
Nematode larvae were washed free of diffusate and placed in the various 
Aldicarb solutions for a period of 20 hours after which the larvae were 
removed from the chemical solutions and washed several times in large 
volumes of aerated distilled water. The treated larvae were inoculated 
to newly transplanted seedlings of sugarbeet at the rate of about 60 
larvae per plant. Each treatment was replicated 5 times. 


After the sugarbeets had grown 32 days in a greenhouse, the plants 
were taken to the laboratory where the roots and soil were washed and 
examined for mature female sugarbeet nematode. Data listed in Table 6 
were analyzed for statistical significance by the ANOVA method. 


Treatment of second stage larvae 20 hours with water solutions of 
Aldicarb or Aldicarb sulfoxide significantly reduced the numbers of 
larvae developing to maturity on roots of sugarbeet. Similar treatments 
with solutions of Aldicarb sulfone appeared to have little or no effect 
on survival and development of the nematode. 
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Invasion of non-host plant roots by larvae of the 
sugarbeet nematode, Heterodera schachtii 


A study by Steele showed that females of the sugarbeet nematode 
(Heterodera schachtii Schmidt 1871) developed to maturity and reproduced 
on 73 plant species. Of 17 species given an infection index rating of 
less than 1.0, only one or two females were observed on individual plants 
of these species. 


Reports indicate that larvae of the sugarbeet nematode invade 
but do not develop to maturity in roots of Phaseolus vulgaris L. (navy bean), 
Lactuca sativa L. (lettuce), Hesperis matronalis L., Beta procumbens CHR- 
Smidt., B. patellaris Moq. and B. webbiana Moq. However, Steele and 
Savitsky later reported that single females developed on two plants of B. 
patellaris. These findings suggest that many other non-host plants may 
be invaded by sugarbeet nematode larvae. To test this hypothesis, several 
non-host plants were selected at random and tested to determine which, if 
any, were invaded by sugarbeet nematode larvae. 


MATERIALS AND METHODS 


Six non-host plant species and a susceptible sugarbeet variety were 
tested in this study and are listed in Table 7. Seed of each species were 
germinated in sterilized sand. Twenty-five seedlings in the cotyledon 
stage were transplanted to individual aluminum-foil cylinders, filled 
with soil heavily infested with cysts containing eggs and larvae of H. 
schachtii, and grown in a greenhouse. Five plants of each species were 
removed from infested soil, 15, 30, or 45 days after transplanting. The 
roots of each plants were washed, weighed, and stained in lactophenol-acid 
fuchsin, and examined for sugarbeet nematode larvae. The root systems of 
10 plants of each species were examined for mature sugarbeet nematode females 
after the plants had grown 60 days in infested soil. 


RESULTS AND DISCUSSION 


Sugarbeet nematode larvae were found within roots of all plant species 
grown 30 or 45 days in nematode infested soil. (Tables 7 and 8). Sunflower 
was the only test plant grown 15 days in infested soil which was not invaded 
by larvae. However, roots of sunflower were large when transplanted and 
the roots and soil may not have had sufficient contact to insure adequate 
exposure to larvae during the first few weeks of the test. 


The observation that all of the 'non-host' plant species were invaded 
by relatively large numbers of larvae strongly suggests that under field 
conditions many other non-hosts may also be invaded by the sugarbeet nematode. 
Association of nematodes with other pathogenic microorganisms in the initia- 
tion and intensification of plant diseases have been well documented. Results 
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of the present test raise the possibility therefore that nematodes may 
have a broader role in the predisposition of plant diseases, even in 
non-host plants, than previously suspected. 


Mature females with developing eggs were found on at least one 
plant in each of three species within different families. Since these 
species were selected at random for testing, many of the species thought 
to be immine may in fact be only highly resistant to H. schachtii. Such 
occasional development of the sugarbeet nematode on highly resistant species 
could, and perhaps does, maintain localized areas of low level infestations, 
which become detectable only after continuous cropping of susceptible 
host plants. On the other hand, truly immune plants, when used in rotations, 
may not be exerting simply a neutral effect on the nematodes. Instead, such 
species might actually reduce the nematode population at much greater than 
the normal decline rate by having a trap-crop effect. 


Table 7. Plants tested for susceptibility to invasion 
by H. schachtii larvae 


Common oe ee Scientific name Family 
variety 

Sunflower Helianthus spp. Compositae — 

Morning glory Candy pink Ipomea sp. Convolvulaceae 

Parsley Plain leaved Petroselinum Umbelliferae 

hortense crispum 

Egg plant New York Solanum melongena Solanaceae 
Improved 

Celeriac Smooth Apium graveolens Umbelliferae 
Prague var. rapaceum 

Sweet Pea Giant winter- Lathryus odoratus L. Leguminosae 
flowering 
Spencer 


Sugarbeet Vare- US275 Beta vulgaris L. Chenopodiaceae 
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SUGARBEET RESEARCH 
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Section C 


Crops Research Laboratory, Logan, Utah 
Dr. D. L. Doney, Geneticist 
Dr. D. L. Mumford, Plant Pathologist 
Mr. G. K. Ryser, Agronomist 
Dr. J. C. Theurer, Geneticist 
Dr. R. E. Wyse, Plant Physiologist 
Cooperation: 


Utah Agricultural Experiment Station 
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the Beet Sugar Development Foundation (Projects 17 and 27). 
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SUMMARY OF RESEARCH ACCOMPLISHMENTS 
Logan, Utah - 1972 


J. C. Theurer, D. Ls Doney, G..K. Ryser, 
R. E. Wyse and D. L. Mumford 


Variety Trials 


Tests 1 and 2 Forty-six single crosses derived from crossing six 
selected inbred pollinators with cytoplasmic male-sterile lines and 
five check varieties were evaluated at Farmington and Logan. Inbred 
pollinators 0529 and 0532 showed evidence of general combining ability 
for yield. Inbreds 0529 and 0528 showed good combining ability for 
Sugar percentage; however, the latter was lo in yield, 


Tests 3 and 4 Single crosses and 3-way hybrids giving good 
performance in 1971, half-sib hybrids of these crosses and check varieties 
were evaluated at Farmington and Logan. Variety X year interaction was 
significant. Hybrids with L-37 as a pollinator showed excellent 
combining ability for yield and those with L-19 as a pollinator had high 
combining ability for sugar percentage, 


Test 5 Five new lines were tested for general combining ability. 
The five lines varied in their degree of heterozygosity. They yielded 
equal to two commercial hybrids, but were generally poorer in quality. 
One line was selected as being superior in combining ability and will 
be used in future breeding and selection programs. 


Test 6 Thirteen new triploids involving C562 (4N) were evaluated 
with single crosses involving the same 2N lines. Triploid hybrids of 
c562 (4N) X 129, or X Al-12 gave higher yield than the reciprocal 
crosses, With one exception, the 2N lines had higher yield in at 
least one single-cross combination than they did in their triploid 
hybrid combinations, 


Test 7 One-month old and 2-week old sugarbeet seedlings were 
transplanted and compared with direct seeded plots for 5 varieties. 
The 2-week old transplants averaged higher yield and the month-old 


transplants had the highest sugar percentage. Variety X planting 
interactions were significant, 





Selection Studies 


Competition in selection 


The effect of competition on individual plant selection was 
investigated. Two uniform lines (one inbred and one hybrid) were 
planted alternately with 4 segregating lines at 4, 12, and 2h-inch 
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spacings. Competitive abilities, competitive influences, genotypic 
variances and genotypic competitional variances were measured, Lines 
differed in their competitive effects as well as their variances. 
Competitive ability and competitive influence were not always correlated, 
Lines with high competitive ability and low competitive influence 

should be superior in yield in pure-stand plantings. These data indicate 
that sufficient variation exists, such that progress could be made by 
selecting in those lines with large genotypic competitional variances. 


Specific gravity selection for high sugar percentage 


In 1971 competitive beets of heterozygous varieties 9229 and 629 
were separated by salt solution into three specific gravity classes, 
Selfed and crossed progenies were evaluated when beets were topped in 
a regular manner and when they were topped with a cone-like crown. 
Findings demonstrated that selection for high sugar percentage could be 
made by this specific gravity method regardless of the way the beets were 
topped, 


Genetic Studies 


Linkage studies of genetic characters in Beta vulgaris L. 


a. Annual pollen restorer (Rf). There was no indication of 
linkage between the Rf gene and red hypocotyl, trout leaf, monogerm 
seed and virescens. 


b. Yellow leaf mutant (yl). This mutant was found to be governed 
by a single recessive gene. No linkage association was observed with 
this mutant with monogerm seed or annualness characters. 


New sources of male sterility 


Eight new sources of male sterility were crossed with O-type and 
restorer-type pollinators in an effort to identify new sources of 
cytoplasmic male sterility. One male sterile segregated such as to 
indicate the sterility is of the genetic type. The A3900-132 source 
may be different from the cytoplasmic male-steri le source commonly used 
in the production of hybrids today since it produced mostly male-steri le 
offspring when crossed with the 201 pollen-restorer inbred, Other 
sources appeared to be no different than the cytoplasmic male-steri le 
source now in use, 


Continued studies of partial male fertility 


Segregation in F, progenies of three populations of partial- 
fertile plants from a single source gave partial-fertile and male- 


sterile, but no fertile segregates. Segregation gave a good fit toa 
7 PF: 9 MS or a 27 PF: 37 MS ratio, which would suggest partial 
fertility was governed by 2 or 3 complementary genes. Male-sterile 
segregates from these populations crossed with the annual tester 

SLC 03 gave mostly male-sterile plants, However, five lines had 1 to 
3 partial-fertile segregates. 


The effect of sterile cytoplasm on curly top disease resistance 


A greenhouse test and two field experiments were conducted in 1971- 
72 to study the possible effect of sterile cytoplasm on curly top 
disease resistance, The comparisons were very similar for the male- 
sterile and equivalent pollinator inbreds. The data substantiate that 
there is no association of curly top disease resistance with sterile 
cytoplasm in the beet, 


Physiological Genetics 


A follow-up experiment on mitochondrial complementation substantiated 
last year's findings. Some crosses showed complementation and there 
was a tendency for complementation to be associated with heterosis; 
however, this relationship was small and of insufficient magnitude to 
be of value to the plant breeder. We are not recommending it as a 
breeding tool, 


The mitochondrial efficiency of two hybrids and their inbred parents 
was measured at bi-weekly intervals throughout the growing season, The 
hybrids were generally more efficient than their inbred parents; however, 
these differences were not significant. Significant differences in 
mitochondrial efficiency were obtained by summing over all measurements. 
The efficiency ratings (ADP:0 ratios) were in the same order as the 
line's respective field yields. Correlations of ADP:0 ratio 
(mitochondrial efficiency) with growth rate data taken at the same 
bi-weekly intervals gave highly significant relationships, It was 
concluded that mitochondrial efficiency is one of the major factors 
affecting growth rate from early July through mid-October. 


A study of peroxidase and esterase isozymes in anthers of 
normal and cytoplasmic male-sterile plants and CMS lines segregating 
for the restorer gene (Rf) revealed an esterase isozyme (E ) that 
sheave to be closely linked to the restorer gene (1.5% créssing 
Over), 


Peroxidase and esterase isozyme patterns have been studied in 
the leaves, petiole and roots of two hybrids and their inbreds 
throughout the growing season. These patterns differ in the different 
tissue and change with growth and maturity, 
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Plant Physiology 


Purification of a neutral invertase from sugarbeet roots 


Neutral invertase activity was detected in fresh and stored roots, 
This enzyme has now been purified to a pure protein and some of its 
biochemical properties determined. In preliminary studies, the activity 
of this enzyme showed a good correlation with the reducing sugar content 
of stored roots. 


Emergence as an index of growth rate 


Greenhouse studies showed that those seedlings which emerge first, 
maintain the fastest growth rate. Field studies were conducted which 
confirmed these findings. Plots thinned to plants which emerged first, 
outyielded those thinned to plants which emerged last, by 44%, 


Plant Pathology 


Eighteen-hundred rows of sugarbeet breeding lines were evaluated 
for resistance to curly top virus, Procedures have been developed 
for inducing curly top epidemics in field plots, These procedures 
have been successfully employed for 2 successive years, 


A survey of sugarbeet fields in Idaho, Washington and Oregon 
indicated virus diseases were unusually mild. No isolates of curly 
top virus were found that were as virulent as Utah isolate 66-10, 


Progress has been made in identifying methods for purifying 
curly top virus, Preparations suitable for electron microscopy have 
now been obtained, 
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Variety Tests, Logan and Farmington, Utah, 1972 


Jo_C. Theurer, sDesk.e0onevs 
G. K. Ryser, and R. E. Wyse 


SOIL TYPES: North Farm; Silty loam. Farmington Farm: Sandy loam. 


PREVIOUS CROPS: North Farm: 1971 ~ fallow except for cereal grains in 
the east section, 1969-70 alfalfa. 


Farmington Farm: 1971 - tomatoes and potatoes 
1970 - fallow except for vegetables 
in the center section of the area 


FERTILIZER: North Farm: 640 pounds per acre of 16-20-0, 
Farmington Farm: 3 J, a os 


PLANTING DATES: North Farm: May 10, 1972. Farmington Farm: April 
27, 1972 (all tests at both farms were planted in 
2-row plots 37 feet long) 


THINNING DATES: North Farm: June 21-25, 1972. Farmington Farm: May 29, 
30, 1972. 


IRRIGATIONS: North Farm: sprinkled after planting, after thinning, 
and on a weekly schedule until 2 weeks before harvest. 


Farmington Farm: furrow irrigated as needed to keep 
the field on the damp side throughout the season 
(approximately weekly intervals) until 2 weeks before 
harvest, 


HARVEST DATES AND PROCEDURES: North Farm: October 16-19, 25, 1972 


Farmington Farm: October 2-4, 1972 


Tops were removed with a rotobeater and scalped with tractor- 
mounted scalping tools supplemented by long-handled hoe trimming to 
assure a complete topping job. Beets in plots were counted when put 
into the weighing basket on the harvester. A 10=-beet sample was 
taken at random from the harvester table from each row of the 2-row 


plots for sugar analysis, and all beets in the plot were weighed to 
determine root yield. 
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TESTOw and 2 


Evaluation of New Experimental Hybrids 


Forty-six single crosses derived from crossing six selected inbred 
pollinators with a group of cytoplasmic male-sterile lines were evaluated 
at Farmington (Test 1) and Logan (Test 2), Utah. US 22/2, two 
commercial hybrids from Utah-Idaho Sugar Company, and two from Amalgamated 
Sugar Company were included as check varieties. The 51 entries were 
planted in 2-row plots in 5 replications of a random block design at 
each location. 


Hybrids with the pollinator 0530 had a high percentage of bolters 
at both field locations. Thus, performance of this inbred in these 
hybrid combinations could not be accurately evaluated, This inbred 
was in the S, generation and was originally derived from SLC 128 aa 
X an Ovana sélection, The bolting problem was possibly due to a 
mix-up in seed lots, since earlier generations of the inbred were good 
biennials, 


The acre yield, sugar percentage and non-sucrose constituents of 
these hybrids at Farmington are shown in Table |, Inbreds 0529 and 0532 
crossed to non-related CMS lines yielded the highest gross sugar. 

A7113 X 0529, the highest yielding variety, was significantly better 
than all but one of the five checks. Thirty-one of the hybrids and al] 
commercial varieties produced greater gross sugar than US 22/2, 


Specific combining ability was noted for tons of beets, Inbreds 
0529 and 0532 showed some evidence of general combining ability for 
tonnage. Lines 0528 and 0530 were poor in general combining ability 
for this character. F.C. 506 CMS X 0529 and 128 CMS X 0529 had the 
highest sugar percentage. Both 0529 and 0528 inbreds showed good combining 
ability for this character. No one single cross significantly exceeded 
the best check for sugar percentage. 


All of the crosses with 0532 had a higher impurity index than the 
mean of the test. This was primarily due to the high nitrogen and 
potassium content of these hybrids, Crosses with 0528 and 0530 inbreds 
were lower in impurity index than the mean. These inbreds showed a 
similar relationship for low ppm, amino nitrogen and potassium, 


The performance of these hybrids at Logan is given in Table 2. 
Inbred 0532 again showed high general combining ability for gross 
sugar and tonnage. Hybrid A7113 X 0532 which was second highest at 
Farmington was the highest yielding entry at Logan. This hybrid was 
significantly better for gross sugar than all but four entries in the 
test. Ul Hybrid D was again the best check variety, but there were 
five experimental hybrids that were significantly higher in yield 
compared with other entries, Hybrids having 0529 as a parent were 
not as high in yield at Logan as they were at Farmington, 
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For sugar percentage, 0529 and 0528 again showed high general 
combining ability. This could be expected in the case of 0529, since 
L-19, which has high general combining ability for sugar percentage, 
is one of the parents of this line. As expected, 0530 hybrids were 
low in sugar percentage. Entries with 0532 and 0541 as parents were 
highest in impurity index values, while hybrids with the 0530 parent 
had low impurity index values. There was no significance for amino N 
at this location, 


Inbreds 0532 and 0529 show promise for increasing yield and 0529 
and 0528 for increasing sugar percentage, when used as pollen parents 
in hybrids, The greatest deficiency of 0532 is its extremely high 
impurity index, while low combining ability for tonnage is a marked 
deficiency of inbred 0528. 


TESTS 3 and 4 


Single-cross and 3-way hybrids showing highest yield and sugar 
percentage in 1971 (Logan, Test 7) were evaluated again this year at 
Farmington (Test 3) and at Logan (Test 4), Utah. Half-sib hybrids 
not in the 1971 test but with the same pollinators, and hybrids with 
L-19 were also included in the test. US 22/2, two commercial varieties 
supplied by Amalgamated Sugar Company and six hybrids supplied by 
Utah-|daho Sugar Company were included as checks, In addition, a 
special nematode selection, AN Ol4-1, was included in the test at Logan. 
The 45 entries at Farmington and the 46 entries at Logan were each 
planted in 2-row plots and replicated 6 times. 


Performance at Farmington is shown in Table 3. UI Hybrid #6 
yielded the highest gross sugar, but this entry was not significantly 
better than all other check varieties and 1] experimental hybrids in 
the test. Codes 302, 316 and 310 were highest in gross sugar at 
Logan in 1971. Only Code 310 remained among the high yielding entries 
this year. Crosses with L-37 as a pollinator demonstrated good general 
and specific combining ability for yield, Entries having L-19 as a 
pollinator were Seat in sugar percentage, as would be expected 
based on previous year's data, 


Inbred pollinators 7584, 29.008, 7594, and O461 S (246) showed 
little promise for future use in Aypr rds. since they were low in 
yield and in most cases low also for Sugar percentage, 


Data for the Logan test are given in Table 4. Crosses with L-37 
again showed highest yield and L-19 hybrids were outstanding in sugar 
percentage. Code 402, the highest yielding entry in 1971, was again 
among the top yielders this year. There were significant differences 
between years, as demonstrated by hybrids code 416 and 410, which 
were high in yield in 1971 but rather low in yield in 1972. Differences 
were also evident between commercial hybrids as well as the experimental 
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hybrids in performance at Logan and Farmington, Much of this difference 
can be attributed to slow germination and poorer stands in the 
Farmington test plots, 


Teoh? 


The objective of this trial was to test the general combining 
ability of five new lines, These new lines are the entries in Table 
5 prefixed by 72d05-. The remaining three digits of the entry code 
number identify the line. Seed for testing each line was obtained by 
combining seed from crosses of that line to the other four lines. Thus, 
the data in Table 5 for each line are a measure of the general combining 
ability of that line. 


Two commercial varieties and four inbreds were also included in 
the test (Table 5). Beet stands were poor except in the two commercial 
lines (TASCO #1, and UI Hy F). Inbred lines were poorest in beet 
stand. Inbreds were lower in yield (partly due to poor stand), higher 
in percent sugar and lower in impurities than the test crosses, 


The commercial lines yielded about the same as the test crosses, 
but were higher in percent sugar and lower in impurities. Some of 
these lines were heterozygous and poorer quality was expected. 


Line 72d05802 exhibited the best combining ability for yield, 
while line 72d05912 had the poorest combining ability for percent 
sugar. The combining ability of line 72d05923 for impurities was 
superior to the other lines. 


These data will be used to select the most desirable parents for 
future crossing and selection. 


TEST 6 


The objective of this test was to evaluate new triploid hybrids, 
to observe reciprocal differences between three 2N X HN vs UN X ON 
triploids, and to compare triploids with single crosses involving the 
same 2N lines, 


Thirteen triploids, 11 2N single crosses and 5 check varieties 
composed the test. The latter consisted of US 22/2 and four commercial 
varieties, two from Amalgamated Sugar Company and two from Utah-Idaho 
Sugar Company. The 29 entries were planted in 2-row plots and 
replicated 6 times in the field at Logan. 


Yield, sucrose percentage and non-sucrose constituents are given 
in Table 6. There were differences between reciprocals for the three 
varieties tested; however, only the differences for gross sugar and 
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tonnage for C562 X Al-12 were significant. Triploid hybrids of 

C562 (4N) crossed with 129 and Al-12 were higher yielding as 
pollinators and had higher impurity indices. F.C. 506 was better in 
yield when used as the female of the cross and had a higher impurity 
index. Sugar percentages were similar. for the reciprocals, 


The two highest yielding varieties were triploids, The next 
four were single crosses, With the exception of L-53, the 2N lines 
in the study had higher yield in at least one single-cross combination 
than they did in their triploid hybrid combinations. 


Hybrids having L-53 or Al-12 as a parent had higher sugar percentage, 
regardless of the 2N or YN condition of the other parent. 


TEST} 


A transplant versus seeded test was conducted at Logan this 
year using the same methods as in 197]. 


We planted this test in a split-plot design of four replications 
with three commercial and two high-yielding experimental varieties as 
whole plots, There were three treatments: (1) transplants 1I-month 
old (2) transplants 2-weeks old and (3) direct seeded. Plots in this 
test were four rows wide but only the center two rows were harvested, 


The transplants were seeded in Japanese paper pots in the green- 
house and watered daily with 1/2 normal Hoagland solution, Transplanting 
was accomplished with a tractor-mounted single-row tobacco transplanter 
which allowed uniform 12-inch spacing in the row and at the same time 
provided water for the roots. Good stands were obtained using this 
method, 


Transplants in all varieties showed some degree of sprangling. 
The varieties were significantly different in yield (Table 7). The 
interaction of varieties X planting method showed that varieties 
behaved differently when seeded or transplanted, 


The 2-week old transplants averaged significantly more gross 
Sugar and tonnage than seeded plots, However, for variety 703, the 


older transplants were highest in yield and significantly better than 
seeded plot yield, 


The month-old transplants produced on the average a higher sugar 
percentage than the other plantings did. These transplants were 
significantly superior to the seeded plots. This difference in sugar 
percentage is contrary to the similarity we have seen other years for 
this character. The variation in impurity index and non-sucrose 
constituents was not significant for varieties, plantings or the 
interaction of variety X planting. 
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Table 5, Means of each entry for gross sugar, root weight, % sugar 
and impurities. 


Gross Root wt lo 

Entry Sugar tons/A Sugar Index N Na K 

72d611 Lho6 14.88 15.13 650 363 372 =: 1947 
72d618 6252 20.19 15.49 652 388 280 2094 
72d619 5181 16.60 15.64 609 338 360 1979 
72d627 4986 16.29 15.41 636 350 327 Oke 
72d05802 8220 28 .45 14.54 770 380 551 2175 
72d059 12 7540 27.09 13.98 796 352 705 2036 
72d059 13 7666 26.13 71 801 391 604 2296 
72d05923 7710 25.88 14.91 682 302 516 2137 
72d05937 7757 26.95 14.42 802 353 529 «86268 
Tasco #1 7824 25.71 15.28 587 309 307 ~=—+1911 
Ul Hy F 8331 26.36 15.99 580 351 318 1833 
Mean 6905 ese ly 15.04 688 352 «=e. 98 = 2084 
LSD 1255 4.48 .62 96 105 100 276 


CV 15.74 16.79 3.59 12.13 25263 a al9 2679, 11.47 
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Selection Studies 


(a) Competition in Selection (D. L. Doney) 


Selection of individual beets for root weight is generally made 
in space-planted trials, The purpose of space planting is to eliminate 
the intergenotypic competition of normally-spaced heterozygous 
populations, In such populations, genetic effects would be confounded 
with genotypic competitive effects and it would be difficult to 
identify superior genetic segregates. 


However, in commercial plantings, beets are much closer and are 
under highly competitive conditions, This raises the question ''Do beets 
that do well in non-competitive systems also do well in the highly 
competitive systems found in commercial plantings?! This study was 
initiated to investigate the nature and effects of genotypic and 
environmental competition on and in various selection practices. 


Two uniform lines (one inbred and one hybrid) from Amalgamated 
Sugar Company were used as common competitors. The segregating materials 
(lines 7181, 9229, AD 917 and D1419) were selected for this study because 
of their believed heterozygosity. 


The two common competitors were planted alternately (i.e. every 
other plant was the common competitor) with each of the segregating 
lines, as well as with themselves, Each of the five resulting patterns 
were planted at 4, 12 and 2h-inch plant spacings. The design was a 
split plot of 6 replications with 36 ft. plots. Plant spacings were 
whole plots and were bordered on each side by a guard row of equivalent 
plant spacing. 


Planting occurred on May 15; however, poor emergence necessitated 
replanting in 3 X 10 cm paper pots in the greenhouse on June 8. The 
entire experiment was replanted with the paper pot transplants on June 
26. This shortened the growing season and little competition occurred 
in the 24-inch spaced plants, but there was strong competition in the 
close-space plant populations. 


At harvest time (October 9 and 10) each plant was cone trimmed, 
numbered and weighed. Variances and means were computed for each 
segregating line at each plant spacing, as well as the variances and 
means of the common competitors with each line at each plant spacing. 
Competitive ability and influence means and variances were computed 
from these data, The means and variances of each segregating line, 
with the common competitors and the common competitors in pure stand, 
are given in Tables 1 and 2 respectively. Line AD 917 was consistently 
larger than the other lines and line DI419 was the smallest (Table 1), 
This suggests that line AD9I7 has high competitive ability and line 
DIKI9 was poor in competitive ability, The ranking of the segregating 
line's variances was not the same as their ranked means. Line AD 917 
had the largest variances, but line DI419 also had large variances, 
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even though it had the poorest yield (Table 2). There was a high 
correlation between the means and variances for the common competitors 
(Tables 1 and 2). The regression of variance on yield for the common 
competitors was y = 10x - 113, where y is the variance and x is the 
mean, This regression equation was applied to the means of the 
segregating lines to obtain an estimate of the non-genotypic variance 
using the following model: 


var of common competitor at 24 inch = Ver 
2 


var of common competitor at 4 and 12 inch = Ver + Vere 


2 ; 
where Ve” = environmental error 


Ve-c = environmental competition variance 


The above regression equation gave an estimate of Ver + Verc. 
Therefore, applying this regression equation to the means at the 2h- 
inch spacing gave an overestimate of the non-genotypic variance since 
there was very little competition, but gave good estimates for the other 
spacings. 


An estimate of the non-environmental variances (i.e. genetic and 
competitive) is obtained by subtracting the estimated non-genotypic 
variance from the total variance. In order to measure the relative 
importance of the different variances, they are reported as percent of 
the non-genotypic variance (Table 3). Percentages over 100 are 
considered non-envi ronmental. 


For the segregating lines the following models would apply: 


var at 2h inch = Ver + vg 


var at k and 12 inch = ke + vg Vero Vgrc 
where v>g = genotypic variance 


Vg c = genotypic competition variance. 


Subtracting the estimated non-genotypic variance from the total 
variances of the segregating lines yield the following: 
var at 24 inch = v"g ~ Ver 


var at 4 and 12 inch = v"g + v"gc 


At the 24-inch spacing, variances over 100 indicate a genetic 
varjance (vg) greater than the environmental competitive variance 
(Ve“c). Variances less than 100 mean the opposite (Table 3). 


Line DI1419 was the only line to have a genetic variance greater 
than the environmental competitive variance when competing with the 
hybrid at 24 inches. However, all lines except 9229 had a larger 
genetic variance than the environmental competitive variance when 
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competing with the inbred (Table 3). There appears to be more com- 
petition at the 24-inch spacing than anticipated. This points out the 
difficulty of selecting individual beets at normal spacings. 


Line 7181 lacked significant genetic and genetic competitive 
variance at the 12-inch spacing (Table 3), All lines had a larger 
genetic and genetic competitive variance at the 4-inch spacing than 
at the 12-inch spacing (Table 3). This increase is probably due to 
an increased genetic competitive variance under this stronger competitive 
system. Line DI419 had the largest non-environmental variance throughout 
(Table 3). This suggests a large genetic competitive variance, i.e. 
this line is segregating for competitive ability. 


The competitive influence of the segregating lines on the common 
competitors means and variances are presented in Tables and 5 
respectively. All the lines reduced the means and variances of the 
inbred at all spacings. The hybrid had higher means and variances 
under strong competition (4-inch spacing), but was not affected much 
under the weaker competitive systems (12 and 2h-inch spacings). The 
hybrid appeared to be a stronger competitor than the segregating lines. 


In order to better understand these relationships, relative 
competitive ability (Table 6) and relative competitive influence (Table 7) 
values were computed, The relative competitive ability is the 
proportional change in root yield in mixed stand to the estimated root 
yield in pure stand, Root yield was estimated by applying the regression © 
equation obtained from the homozygous lines in pure stand to the mean 
of each line in pure stand at 24-inch spacing. The relative competitive 
influence is the proportional change in yield of the common competitors 
grown with the segregating lines to their yield in pure stand. 


All segregating lines took advantage of the inbred (Table 6) and 
Significantly reduced its yield (Table 7) in most of the competitive 
Systems. At the 4-inch spacing, all segregating lines except 9229 
yielded better than estimated when grown with the hybrid (Table 6). 

At the same time the hybrid in mixed stands outyielded its pure stand 
yield (Table 7). This resulted in greater plot yields in mixed stand 
than the mean of the estimated pure stands. The reverse situation 
occurred at the 12-inch spacing, i.e. both the hybrid and the segregating 
lines were affected adversely in mixed stands, Little effect was obtained 
at the 2h-inch spacing. Line DI419 had the least influence on the 

common competitors, Line AD 917 had the greatest influence on the common 


Ere cane while at the same time it had the greatest competitive 
ability. 


These data indicate that big differences exist in competitive 
ability and competitive influence. These lines differed in their 
genetic segregation for these characters, Thus, selection for competitive 
ability or competitive influence could be achieved in those lines with 
greatest genetic segregation. 
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Genotypes with high competitive ability and low competitive influence 
should theoretically have the best yield in pure stand, Future research 
will look into this aspect of competition. 


(b) Specific Gravity Selection for High Sugar Percentage (J.C. Theurer ) 


At harvest in 1971 competitive roots from two heterozygous varieties 
9229 and 629 were divided into three groups on the basis of their specific 
gravity (sp. gr.). The #1 selections were those having high specific 
gravity and the #3 represented those of low specific gravity. The 
objective of this experiment was to see if selection for high sugar 
percentage could be made in mother beets topped with a cone-like crown 
so they could be used in further breeding studies, based on the specific 
gravity of the roots, 


Fifteen to 20 plants of each sp, gr. selection for each variety 
were placed in separate isolation chambers and allowed to produce open- 
pollinated seed. The seed of 9229 parent, 9229 sp. gr. selections 
#1, #2, #3, 629 sp. gr. selections #1, and #3 were planted in 2-row 
plots in 7 replications in the field at Logan. At harvest all beets 
in each row were weighed and run through salt solutions that divided 
beets of the parent variety into three near equal lots, All beets 
of each field row were run through the spreckles saw and the pulp was 
analyzed for sugar percentage and non-sucrose constituents. Data 
on the performance of these selections and their parents are shown in 
Table 8, Selection #1 sp. gr. for variety 9229 showed a predominance 
of plants in class #1 as indicated by the 1.86 sp. gr. value. Sp. gr. 
#2 and #3 selections were respectively higher in average score. The 
same relationship is evident for sugar percentage. Sp. gr. selection 
#1 had the highest and selection #3 had the lowest sugar percentage. 
Differences were small in the average score of 629 variety beets for 
selections #1 and #3. However, the sugar percentage indicates specific 
gravity selection was effective in this variety also, Beets selected 
for low specific gravity (sp. gr. #3) tended to be larger in size and 
resulted in more tonnage in their progenies than did the other sp, 
gr. selections. 


A second group of 1971 specific gravity selections were crossed 
by hand. Within each sp, gr. class, we interchanged small glassine 
bags from each fertile plant to each genetic male-sterile plant. Seed 
of each cross was harvested separately and two replicates of a single- 
row plot were planted in the field, A row of the parent variety was 
also planted every l]2th row, 


Twelve competitive beets were harvested by hand from each row, 
The beets were cone-topped so as to leave a crown that would allow 
continued growth of the beet for seed production, Each sample was 
run through salt solutions and classified into specific gravity classes 
as was mentioned previously for the other selections. Individual roots 
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were sampled by taking a core of tissue through the root where it 

was widest in diameter. Samples were macerated in Oster blenders and 
the sugar percentage and impurity factors determined by routine 
laboratory procedures. 


The data from all of the lines within a specific gravity class 
were combined for this report. Significant differences were noted in 
specific gravity classes and in sugar percentage. Progenies of 9229 
sp. gr. #1 selected in 1971 had mostly sp. gr. #1 beets in the 1972 
population as indicated by the 1.5 average value for each variety. 

Sp. gr. class #2 gave average readings near 2.0 and sp. gr. class #3 

gave higher readings. A direct linear association for sugar percentage 
was noted with the #1 sp. gr. class averaging the highest sugar 
percentage. An inverse sugar percentage vs tons of beets was noted 

for variety 9229. The findings of this study demonstrate that specific 
gravity can be used to select for sugar percentage in the root regardless 
of whether the crowns are removed from the beets or cone-shaped crowns 
are left on the root, 
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Table 1. Means of each line with the common competitors at the 3 

plant spacings. 

Inbred Hybrid Inbred Hybrid Inbred Hybrid 
718) 48 .40 21.92 75.07 47.42 106.37 95.43 
9229 38.31 15.02 69.17 54.12 94.60 87.79 
AD 917 54.86 30.18 93.75 59.73 106.50 96.82 
DI419 36.87 7c! oleh 43.43 T1200 57.98 
Inbred 3.71 11.24 15.67 
Hybrid 10.26 37.63 58.51 
Note: Data ona per plant basis. 
Table 2, Variances of each line with the common competitors at 

the 3 plant spacings. 
en 

Inbred Hybrid Inbred Hybrid Inbred Hybrid 
7181 517.14 154.55 590.65 329.20 1463.78 736.72 
9229 380.57 109.91 T(On27 330.86 753.76 782.20 
AD 917 641.50 371.57 1044.62 633.51 1335.88 739.67 
DI4I9 347.23 140.31 734.92 472.62 1208.76 840.86 
Inbred 5.15 28.10 41.6] 
Hybrid 46.67 435.17 580.47 
Note: Data on a per plant basis. 
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Table 3. Variances as percent of non-genotypic Ca ee ronments plus 
non-genotypic competitional) variance. 


Fire eee ae eee bra 
7181 139* 145* 93 92 15h* 88 
9229 1h1* 190** 134% 78 91 103 
AD 917 147% 200** 127 131* 14O* 87 
DIkI9 136* 210** 147% 147% 18 1|** 179** 





(a) = computed from regression analysis of homozygous lines 


* = significant genetic and/or genetic competitive variances at p = .05 
x* = a] i a 1 i p = .Ol 
Table 4, Competitive influence of segregating lines on the means 
of the inbred and hybrid 

Inbred Hybrid Inbred Hybrid Inbred Hybrid 
7181 1.975 13.09 aoe 38 .88 13.52 62.00 
9229 2515 14.18 8.33 34.07 Igt56 65.42 
AD 917 1.88 10.73 7.39 32.14 13.65 56.80 
DIkI9 3.39 11.95 9.43 36.26 14.84 72.42 
Inbred 3.71 11.24 15.67 
Hybrid 10.26 37.63 pele | 


Note: Data on a per plant basis. 
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Table 5, Competitive influence of segregating lines on the variances 
of the inbred and hybrid 


i le" 2 i 

Inbred Hybrid Inbred Hybrid Inbred Hybrid 
7181 1.38 91.85 16.31 301.88 26.17 606.87 
9229 2.06 113.55 16.69 307.25 38 .02 556.69 
AD 917 1.06 139.12 12.55 299.66 31.63 360.98 
DIKI9 AOT 68.71 20.80 365.40 25.28 586.50 
Inbred 5.15 28.10 41.6] 
Hybrid 46.67 435.17 580.47 
Note: Data on a per plant basis. 

(a) 


Table 6. Relative competitive ability of each heterozygous line 
with the two homozygous lines at 3 plant spacings. 


yu le! ek" 
Inbred Hybrid Tnbred__—sHybrid Tnbred ___—sHybrid 
7181 2.58** tek 1. 14% .72** 1.13% 1.0] 
9229 2.15** .85%* 1.11* :O7% 1.06 .98 
AD 917 3.09** 1.70%* 1.5 1%* .96 1.20%* 1.09 
DI419 2. 54x* 1.23%* 1.20** .B5% Te07 .80* 


(a) Relative competitive ability = proportional change in root yield in 
mixed stand to estimated root yield in pure stand. 


Root weight per plant was estimated by applying the regression 
equation obtained from the homozygous lines in pure stand to the 
mean of each line at 24 inch spacing. 
* = significant change at p = .05 
oi Wl p = .0] 
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Table 7. Relative competitive mri lceneeca of the segregating 
lines on the common competitors. 





yu Jo" ah 
Inbred Hybrid Inbred Hybrid Inbred Hybrid 
7181 .53%* ].27%* . Ox 1.03 86% 1.05 
9229 5TH 1. 30** » Thee Koh .80* To Li* 
AD 917 51x Oe . 66** .85* .87* .97 
DILI9 oO 1.16 Ox .96 295 1 .23%* 


(a) relative competitive influence= proportional change in yield of 
the common competitors grown with the segregating lines to their 
yield in pure stand. 


O05 


* = significant change at p 
tt Ohl 


*¥ = I p 
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Genetic Studies 


Linkage Studies Involving an Annual Pollen Restorer and Other 
Genetic Characters in Beta vulgaris L.— 


T. E. Roundy and J. C. Theurer 
a. Annual Pollen Restorer 


Genetic studies to determine the possible linkage association of an 
annual pollen-fertility restorer isolated from the Ruby Queen variety 
of table beet and four genetic markers in sugarbeet were completed in 
1972. These markers were: red hypocotyl! (R) and trout leaf (Tr), 
associated with the Y-R-B linkage group, and monogerm (m), and virescens 


(vi)). 


When marker stocks carried male sterility, the restorer inbred was 
used as the pollinator in making the crosses for linkage tests, Other 
crosses were made by emasculation of the restorer inbred in the early 
bud stage before others were ready to dehisce, followed by hand polli- 
nation with the appropriate marker line serving as the pollen parent. 
Both the F, and BC, generations were evaluated for fertility. In 
addition, Fhe fertile segregates were crossed to the annual tester 
line SLC 03 CMS to confirm the segregation of the pollen-restorer gene. 
Mather's formulas (Mather, K., The measurement of linkage in heredity., 
Methuem & Company Ltd., London) were used for partitioning the total X 
into its three components, The segregation data are shown in Table 1, 
where X values are for 3:1] ratios for the first gene listed, X 
gives thé values for 3:1 ratios for the second gene, while X gives 
the value attributable to linkage between the two genes. 


In both F, and BC, there was no indication of linkage between 
the Rf ggne and the genes in the Y-R-B linkage group, However, in the 
F, the X value was significant, indicating that the R gene failed to 
ségregate’as expected. 


Data for the linkage test between the restorer gene and the mono- 
germ factor showed significance at the 3% level for both linkage and 
deviation of the monogerm factor from the expected ratios. The 
significance of the m gene was probably due to error in misclassification 
of plants that produced bigerm flowers on part of the inf logescence 
and were included in the dominant class, Significance of X, in the 
F, suggests that linkage may have been present, although the probability 
of 3% is just slightly less than the 5% rejection point. If linkage 
was present, it was quite weak, A recombination value of .40 + .037 
was calculated using the product method, This figure compares favorably 


Me This study was part of a thesis submitted by the senior author to 


Utah State University in partial fulfillment of the requirements 
for the M.S. degree. 
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with a report of 36 + .O17 and 40 + -O15 which Kinoshita found in his 
study of monogerm and a fertility-restorer gene in Japan. Segregation 
in the backcross clearly gave no indication of linkage between the two 
genes, Thus, it is our conclusion that these genes are not associated 
on the same chromosome, 


The data show that the expected 3:1 segregation occurred in the 
restorer X virescens cross and that there was no linkage between these 
factors, 


b. Yellow=Leaf Mutant 


A homozygous yellow-leaf mutant sugarbeet was isolated from genetic 
material sent to our laboratory by Great Western Sugar Company. 
Cotyledons and first true leaves of this mutant are normal green in 
coloration, Phenotypic expression doesn't occur until after approximately 
2 months of growth, It expressed itself far better in the field in the 
summer than in the greenhouse during fall and winter, probably due to 
greater light intensity and longer photoperiod, This mutant was crossed 
to the annual SLC 03 and all F, plants were normal. The F, generation 
segregated 339 normal 5 LIS yellow leaf, which gave a probability of 
-80-.90 for fit to aX 3:1 ratio, indicating that the yellow leaf 
was due to a single recessive gene, Observations on possible linkage 
associations with the annual and monogerm genes were made and data 
are shown below: 


No, 








Genes Fami lies XX abXyio | Oar ode lediiota! a xo xe 
aaeei nl tk cece eee Ds ae 

yl m 18 17.5.9 we Tee ce Le 293 12.7, nO dbl gO oe 

yl B 18 256 OG) alae S 454 0.07 0.36 0.94 


The excellent, fit to a 9:3:3:1 ratio and the failure to observe 
Significance for X°| indicates that the yellow-leaf gene is not 
associated with m, nor is it in the Y-R-B linkage group, 


New Sources of Male Sterility 
J. C. Theurer 


In all probability there is only one known source of cytoplasmic 
male sterility being used today in the production of commercial hybrid 
Sugarbeets in the United States, Male-sterile material has been 
collected and brought to our laboratory from sugarbeet companies, 
foreign breeders and plant introduction sources in an endeavor to 


locate other sources of cytoplasmic male sterility that could prove 
Superior to the one presently in use. 
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Three sources of male sterility that proved to be identical to 
the genetic a, source were reported last year. 


In the winter of 1971-72 crosses were made of eight sources of 
male sterility with the 201 pollen restorer and three type-O 
pollinators, The F, fertility segregation for some of these crosses, 
that were evaluated in the greenhouse, is shown in Table 2. Ovana, 
Japanese, GW 1352, Holland and Danish 4N male steriles gave the 
expected fertile progeny with 201 Rf and male-sterile progeny with the 
type-O pollinators, The S and O source was fertile with 201 Rf and 
male sterile with NB-1, but showed segregation for partial-fertile 
and fertile plants with SLC 133. The 2936 male sterile X 129 pollinator 
was the only cross with this male-sterile source and it segregated 
a single fertile plant. Male sterile 6209 crossed with SLC 128 gave 
only fertile and partial-fertile offspring, indicating that this male 
sterile may be the genetic type. The A3900-132 was the most interesting, 
since its reaction was completely different than expected. While al] 
other male-sterile sources were restored by 201 Rf, only one of seven 
plants was fertile with this male sterile. In crosses with type-O 
pollinators NB-1 and 133, A3900-132 also gave partial-fertile offspring. 
The F, populations classified were rather small and more plants need 
to be observed in each cross for positive certification of their genetic 
behavior. However, the results do suggest possible different sources 
of cytoplasmic male sterility than the one in current use, 


Continued Studies of Partial Male Fertility in Sugarbeets 


A good male-sterile line crossed with a good type-O pollinator 
generally results in 100% male-sterile offspring. Usually there is 
little if any environmental effect manifest. By contrast, pollinators 
that are not type O give progenies of varied degrees of fertility with 
considerable inter- and intra-plant variation. The fertility of these 
partial-fertile plants is greatly affected by environmental factors, 
as well as by the age of the plant. Since 1964 we have been studying 
the variation in a partial-fertile population of sugarbeet in an effort 
to understand the genetic mechanism involved in its breeding behavior. 
Early data was published in 1970 ('Wariability in Partial Male-Fertile 
Sugarbeet"', J. Am. Soc. Sugar Beet Technol. 16(3):253-263). The 
following data were derived from continued investigation of this problem, 


Selfed seed of all of the partial-fertile segregates in the 3 
populations 5921, 5924 and 5931 were planted in a 70 F greenhouse 
and maintained under as uniform conditions as possible to those used 
to classify partial-fertile plants in previous years. The 3 populations 
were derived from crossing 3 male-sterile segregates from a single 
partial-fertile plant with the §S 0 annual type-O pollinator, SLC 03. 
In F, population 5921 all 5 plants were partial fertile (Table 2). 
Population 592h gave the best fit to a 9 PF : 7 MS ratio while population 
5OSIME ta? 5 PFs 1’ MS ratio. 
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Each F, plant was carefully classified for fertility, both visually 
and by micr6scopic observation of a sample of aceto-carmine stained 
pollen. Repeated observations at weekly intervals were made in an 
attempt to assure as much accuracy as possible in the fertility class- 
ification, 


All 44 lines in the 3 populations segregated partial male-fertile 
and completely male-sterile plants (Table 3), Although there was marked 
differences in the degree of dehiscence and pollen fertility, none of 
the lines produced a completely fertile segregate, The segregation 
of each total population gave a good fit to a 7 PF : 9 MS or a 27 PF - 
37 MS ratio, which would suggest that partial fertility was governed 
by 2 or 3 complementary genes. This result was not expected because 
the F, populations were so different in their segregation (Table 3, 
lines 1-3), It is difficult to find a genetic reason for this pattern 
of segregation. 


Fourteen male-sterile plants from population 6912 and 13 male- 
sterile plants from population 6913 were crossed back to SLC 03. 
The fertility of the resulting progenies is given in Table 4. All 
progenies of 6912 derivation, except line 0968, were 100% male sterile, 
One plant of this line was partial fertile and produced some seed, 
In the 6913 population, 4 lines, 0980, 0985, 0992 and 0998, gave 
1, 3, | and 1 partial-fertile offspring respectively. Figure | 
illustrates the location on four of the five plants where the seed 
was produced that resulted in the partial-fertile plants. This 
segregation pattern was not expected and we haven't a good explanation 
for its occurrence. Extreme care was used in handling the plants and 
making crosses, so we don't believe the partial-fertile segregates 
were due to contamination. A change in fertility of a single branch 
on a male-sterile plant was noted earlier in this material, This 
change in fertility may be due to an accumulation of fertility-promoting 
substances or the loss of fertility-inhibiting substances in the plant. 
It could be an effect of a change in pH or some other micro-environmental 
factor, It also might be somewhat restricted to the population being 
Studied, Additional research with this material and other diverse 
partial male-sterile sugarbeet lines is underway. 


The Effect of Sterile Cytoplasm on Curly Top Disease Resistance 
J. C. Theurer and D, L. Mumford 


The outbreak of southern corn leaf blight, its economic significance, 
and the fact that susceptibility to this disease is associated with 
sterile cytoplasm, suggested that there should be an investigation 


into the possibility of disease relationship with sterile cytoplasm 
in sugarbeet. 


Nine pollinator inbreds and their cytoplasmic male-sterile 
equivalents were evaluated for curly top resistance in the greenhouse 
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in 1971 using standard testing procedures, In 1971 seven and in 1972 
ten pollinators and their equivalent cytoplasmic male-sterile inbreds 
were inoculated and classified for curly top in the field. The results 
of these investigations are shown in Table 5. Plants were scored 

from O to 9 with O representing plants showing no symptoms and 9 being 

a dead plant. Thus the larger the score, the greater the susceptibility 
to curly top. In the greenhouse three fertile lines were more 
susceptible than their equivalent male steriles and four other inbreds 
showed the opposite relationship. None of the differences were 
significant. Similar results were noted in the field experiments. 


With the exception of NB-1l, differences in resistance between 
a given pollinator and its CMS equivalent inbred were in the same 
direction in all three tests, NB-1 fertile was more susceptible to 
curly top in the field in 1971 and less susceptible in the field in 
1972 than its CMS equivalent. 


The data substantiate that there is no association of curly top 
susceptibility with sterile cytoplasm in sugarbeet. 
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Table 1. x2 tests for linkage and deviation in Mendelian ratios of the 
Rf gene with red hypocotyl (R), trout leaf (Tr), virescent 
(vi) )s and monogerm (m). 


Genes Linkage No. No. Individuals 





(XY) Phase Families XY Xy xY xy Total ater chy on 
Rt R RF 20 167° SuPer ls = 17? BiG 3.31 °° 8.17 > oes 
R Bt 1] jo oo hee Seas O730°" 0: Ie 3.48 
rf Tr RF 10 OS eo ry oe 3.17. 0.002 een 
R BC, 7 20 22 22°52 86 0.05 0.05 "0.05 
nu m CEE 16 201 lo hk? 20° 310 1.90 h.13* 66% 
C BC 17 oh” 19 “23° 30° 997° "1.470, 16 @ BOO 
rt vip, CF 30 207 EIS 5 35s 3.33 (3-33 0.76 
C Bt 2 5) -6* W378 0.86 8 otoo! Sees 


* 5% point of significance 


HK 1% i Wl 
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Table 2. Segregation of new sources of male sterility crossed to 
US 201 Rf and type-O pollinators. 





Current No. Description MS Pr F 

7208-26 Ovana MS X 201 Rf 0 O 5 
=e S&0 MScX-) ?! 0 O y 
-61 A3900-132 MS X "! 6 O l 
-56 Japanese MS X !! O 1 23 
-70 GW 1352 MStAo O 0 14 
“25 Ovana MS X 129 8 2 0 
-16 Japanese MS X '! 1] | 0 
-19 2936 MS=X_ | 6 O | 
-80 New MS X 128 0 6 12 
-51 Hol land MS X NB-1] 16 0 0 
-54 S& 0 MS je 6 0 0 
-63 A3900-132 MS X !! 1 3 0 
-68 Danish 4N MS X !! 4 O 0 
=>3 S & 0 MS X 133 8 3 2 
-62 A3900-132 MS X !! 2 2 ] 
-58 Japanese MS X '! 20 0 0 
-67 Danish 4N MS X !! 10 0 0 

Table 3. Fertility of Fe progenies from three partial-fertile 

populations. 

Current No. of _No. of plants — 

Number Description lines PF MS 

Fy generation 

5921 MSaX SLC 03 l 5 O 

5924 ] 16 11 

5931 " | 64 30 

Fo generation 

6011 5921 @ 3 5 6 

6912 592h ® 1] 76 113 


6913 5931 ® 30 114 148 
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PLANT 0980 PLANT 0985 


as 





PLANT 0968 {} | PLANT 0992 


Figure 1. Schematic diagram of seed production on four partial- 
fertile plants. Arrows indicate location of seed that 
gave rise to a partial-fertile plant. 
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Table }, Fertility of male-sterile segregates in populations 6912 
and 6913 crossed to SLC 03 


No, Plants _ 
Current No. Description PF MS 
0951 6912 MS X SLC 03 28 0 
0952 "W Wi 2 O 
0953 tails 10 0 
0955 ul i 23 O 
0956 " " 52 O 
0958 Crt das 75 0 
0961 " " 47 0 
0962 On 17 0 
0963 iM aa 12] O 
0964 i " 7 O 
0965 i " 13 O 
0967 arlc 5 0 
0968 i " 87 ] 
0972 o a! 22 0 
0978 6913 MS X SLC 03 75 0 
0979 i i 8 O 
0980 e is LO | 
098 1 u us 32 0 
0982 ul i 6 O 
0985 ce 57 3 
0986 i Lock 37 0 
0987 " il 7 O 
0988 “ 4 13 0 
0992 Mi uM 46 
0994 veel’ v 50 0 
0997 4 . 33 7 
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Table 5. Curly top resistance of CMS vs normal fertile sugarbeet. 





Greenhouse 1971 Field 197] Field 1972 





Description Fertile CMS Fertile CMS Fertile CMS 
03 6.0 6.4 - - ~ - 
L-53 44 4h - - 5.3 5.3 
128 - - - ~ 4.6 4.3 
129 ~ ZAI 75 7.0 4.0 3.6 
133 3.0 3.6 - - 3:0 3.0 
EL 3] - - - ~ 8.0 8.0 
EL 32 6.8 6.3 - ~ 7.0 Td 
Al-10 he 3.3 5.5 5.0 4.3 3.6 
Al-12 ~ ~ 6.5 5.5 5.6 5.3 
NB-1 al On), 5.0 5.5 4.0 3.6 
F.C. 504 4.6 Bl 8.0 - 5.6 6.0 
F.C. 506 ~ - 7.5 7.5 ~ - 
CaO) 2.2 Ge, 6.5 6.5 5.6 5.0 
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Physiological Genetics 


Devon L. Doney 


Mitochondrial Respiration Studies 


(a) Mitochondrial Efficiency vs Growth Rate 


The theory of mitochondrial complementation is based on the 
assumption that growth rate is the result of mitochondrial efficiency, 
i.e, the more efficient the mitochondria, the faster the growth rate 
or vice versa, This relationship has not been investigated or demon- 
strated except that hybrids have more efficient mitochondria than their 
inbred parents, 


The 1971 hybrid-inbred test for mitochondria complementation was 
tested at three different stages of growth. From these three stages, 
there appeared to be a correlation of mitochondrial efficiency with 
growth rate, i.e. mitochondria were most efficient at the August | 
sample date and least efficient at harvest, 


This past year tests were initiated to study this relationship 
more extensively. Two hybrids and their inbred parents were planted 
in a split-plot design of 4 replications, Two 10-foot rows of each 
entry in each replicate were harvested at biweekly intervals throughout 
the growing season. Harvesting of each hybrid set (hybrid and two 
inbred parents) started on alternate weeks so that one of the two hybrid 
sets was harvested each week. Harvesting began in mid June and continued 
until the last of October. 


At each harvest, mitochondria were isolated from the roots and 
assayed for ADP:0 ratio (mitochondrial efficiency), R:C ratio, state 3 
and state 4 oxidation rate. State 3 is considered the turnover rate 
in the presence of excess substrate and state 4 is the turnover rate in 
the resting stage, Data on root weight, blade weight, leaf area, 
petiole weight and percent dry matter were also taken, 


Growth of all lines fit an S-shaped curve, i.e. rate of net 
growth was slow at first, very fast from mid July to mid September and 
tapered off toward the end of the growing season, A 3rd order expo- 
nential curve of the following type best fit the data, 


uJ om 2. 5 
Where: y = yield 
Ky» Kos k3» ky, = constants 


time 


II 
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This type of curve was calculated for each entry for root fresh 
weight, root dry weight, total fresh weight, and total dry weight. 
The curves for root fresh weight are presented in Figures 1 and 2. The 
rate of growth of both hybrids was faster than the inbreds throughout 
the growing season and resulted in a substantially greater yield at 
harvest (Figures 1 and 2), The female parent had the slowest growth 
rate in both sets (Figures | and 2). 


The R:C and ADP:0 ratios and state 3 and state 4 rates for the 
Al-12 CMS X FC 506 hybrid and inbreds are presented in Tables |, eae 
and 4 and for the 129 CMS X A7134 set in Tables 5, 6, 7 and 8. There 
was little difference in state 4 rates between the hybrids and their 
parents (Tables 4 and 8). This is to be expected since this is considered 
the steady or resting stage. 


The R:C ratios and ADP:0 ratios are related and fluctuated together 
(Tables 1, 2, 5 and 6). The ADP:0 ratios are considered most reliable 
and are a measure of the mitochondrial efficiency. We will therefore 
be concerned mostly with the ADP:0 ratios, The ADP:0 ratios of the 
hybrids were generally larger than the inbred parents (Tables 1 and 5). 
However, these differences were significant at only 2 to 3 dates during 
the growing period, Significant differences in ADP:0 ratios were 
obtained by summing over all the seasonal measurements (Tables 1 and 5). 


These differences were in the same order as the field yields 
(Figures 1 and 2), This Suggests a relationship between mitochondrial 
efficiency and yield, The purpose of this study was to study this 
relationship more closely. The pattern of the ADP:0 ratio throughout 
the growing season for the two hybrid sets is shown in Figure 3. 

Both hybrid sets had a similar seasonal pattern, From early July to 
mid October the ADP:0 ratios followed a bell-shaped curve, which best 
fit a 2nd order exponential curve (Figure 3). The first and last 
measurements were higher (Figure 3) and gave a rising trend on each end 
of the curve. The growth rate per period (growth rate per unit of time) 
for this same period (Figure 1 and 2) also fit a bell-shaped or 2nd 
Order exponential curve. 


We computed the correlations between ADP:O ratio and growth rate 
for this period of time (Table 9). Highly significant correlations 
were obtained for root fresh weight and total dry weight, especially 
when the sampling variation was eliminated by fitting the above 
mentioned curves to the data (Table 9). Root dry weight gave the 
poorest correlations. Hybrid Al-12 CMS X FC 506 is the only line that 
did not show a good correlation of ADP:0 ratio with total dry weight, 
This line did not taper off in growth toward the end of the season as 
much as the other lines. If growth rate is a function of mitochondrial 
efficiency, then the total dry weight is the measurement that should 
be correlated to the ADP:0 ratio, Since this is where the best 
correlations were obtained, it is concluded that one of the major 
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factors affecting growth rate is mitochondrial efficiency. However, 
the higher ADP:0 ratios at the beginning and end of the season is 
unexplained by this conclusion. Certainly other factors that have 
equally or more important rolls at different stages of growth must 

be considered. Another potential problem area may be the isolation 
technique. It is known that compounds or substances affecting 
mitochondria coupling are produced in the cell at different stages of 
growth. These compounds or substances have little effect on the 
mitochondria in living cells, but have drastic effects on the mitochondria 
when cells are ruptured during the isolation process. A number of 
compounds are added to protect the mitochondria during the isolation 
process; however, these may not be sufficient at certain periods of 
time. 


We also investigated the relationship of net assimilation with 
mitochondrial efficiency and turnover rate. The net assimilation rate 
(growth rate per leaf area) gradually decreased throughout the growing 
season and did not correlate with ADP:0 ratio, State 3 oxidation rate 
appeared to have a curve similar to net assimilation rate. The 
correlation between state 3 and net assimilation for the Al-1l2 CMS X 
FC 506 hybrid and inbred set was significant (.83). However, this 
correlation for the 129 CMS X A7134 hybrid and inbred set was very low 
(r = .01). This was probably due to the significant difference between 
the root-shoot ratios of 129 CMS and A7134, i.e. the top growth of 
129 CMS was very small compared to the top growth of A7134 with little 
difference in root growth. It appears that net assimilation is 
controlled by other regulating factors, 


(b) Complementation 


In the 1971 "'Sugarbeet Research'' report a comprehensive test for 
mitochondrial complementation involving several hybrids and inbred 
parents was reported. This study tested complementation at different 
stages of growth. Four stages (late July, late August, at harvest, 
and after | month of storage at 5 C).were reported. One stage (bolting 
beets) of this study was not complete at the time of the 1971 report 
and is reported herein. 


Roots of the 1971 hybrid-inbred field test were stored at 5 C for 
100 days. They were then planted in 6-inch pots and allowed to bolt 
(flower). When stalk initiation was almost complete, mitochondria were 
isolated from the roots for subsequent mitochondrial complementation 
measurements. Mitochondrial isolation techniques and respiration 
measurements were the same as previously reported (1971 report). 


Of the four measurements made, the ADP:0 ratio is considered a 
measure of the mitochondrial efficiency and is the most precise (Table 
10). In general, the four measurements are correlated and follow the 
same relationship as the ADP:0 ratio (Table 10). Some of the better 
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yielding crosses exhibited complementation. This suggested a correlation 
of complementation with heterosis, When the actual heterosis obtained 
from the 1971 field test was compared with complementation, a non- 
significant correlation of .3 was obtained (Table 10). Therefore, even 
though a relationship between heterosis and complementation is suggested, 
it is not of sufficient size and significance to be of value to the 

plant breeder, We are continuing to test this technique, but on a 
somewhat reduced scale to try to improve the technique to where it may 

be useful, 


|sozyme Studies 


lsozymes are enzymes that perform the same function, but are 
different in structure. It has been found that a change of one 
nucleotide in the DNA chain can cause a change of one amino acid ina 
particular enzyme, This results in a new structural enzyme that performs 
the same function (isozyme). The electrophoresis technique allows 
identification of structural changes in identically functional enzymes. 
We are studying isozymes of several enzymes at different stages of growth 
and in different tissue, We are also studying isozyme structures in 
relation to cytoplasmic male sterility. 


(a) Anthers from Normal and CMS Plants 


Anthesis breaks down in CMS plants in the early tetrad stage, In 
order to study the effects of CMS on enzyme structure, we felt it was 
necessary to look at the enzyme structure very close to the time of 
abortion, Material for this study was collected in the tetrad formation 
Stage, About 300 immature anthers (at this stage of development ) were 
collected from each plant, 


Anthers were placed in 1 ml of .1 m phosphate buffer (pH 7.5), 
lightly macerated and centrifuged. The solution containing the soluble 
enzymes was refrigerated and saved for electrophoresis and isozyme 
analysis. 


Four lines and their CMS complements (Table 11) were used in 
this study. Extracts were assayed for esterase isozymes. Three 
esterase isozymes (E,, E,, E.,) were observed in this material. Al] 
lines and their CMS counterp rts had the E, and E, isozymes (Table 11). 
Lines 133, 133 CMS and CT9 CMS had the E, isozyme? There appears to 
be a relationship of the E, isozymes with CMS; however, only 4 plants 
for each line were tested 3nd there was some variation between plants 
within lines. Therefore, larger numbers of plants are needed for 
testing. Variation within lines indicates heterozygosity. 


(b) Anthers from CMS lines Segregating for Restorer (Rf) (D. L. Doney & 


J. C. Theurer) 


_tn order to further test the relationship of the esterase isozyme 
E. with CMS, two Fy lines were selected. Both lines were CMS and 
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segregating for restorer (Rf). The female parents (129 CMS and NB | 
CMS) were both crossed to restorer 201 Rf to produce the two segregating 
lines. Anthers were collected from 50 plants of each line in the same 
manner as previously described, All plants were assayed for esterase 
isozymes, At a later date each plant was rated for its fertility. 


Almost 50% of the 129 CMS X 201 Rf cross was male sterile while 
the NB 1 CMS X 201] Rf segregated in a 3 fertile or partial fertile to 
| male sterile. All plants in the 129 CMS X 201 Rf cross were absent 
of the Ej isozyme. The NB 1 CMS X 201 Rf cross segregated in a 3 present 
to’! absent for the E, isozyme (Table 12), Every male sterile in this 
cross was missing there isozyme. Only two other plants (one fertile 
and one partial fertiles were missing the E, isozyme. Using a 9:3:3:]1 
ratio a highly significant chi square for l?nkage of 46.6 and 1.5% 
crossing over was obtained, It appears as if the gene for E. isozyme 
is very closely linked to the restorer (Rf) gene. Presently} we are 
testing other crosses and parents to verify this finding. This finding 
could be of value in a number of different ways, such as determining 
different cytoplasms and restorers, It may also prove valuable in 
unraveling the genetics and chemistry of cytoplasmic male sterility. 


(c) Growth Rate Survey 


A survey of the esterase and peroxidase isozyme patterns in leaves, 
petioles and roots of two hybrids and their inbred parents was made 
throughout the 1972 growing season, 


The different tissue gave different patterns, indicating structural 
differences in the different tissue. These patterns also changed 
during the growing season. 


There were some indications of maternal inheritance, however, the 
analysis of these data is not complete, These data will be further 
analyzed for areas of potential value. Future work will be concentrated 
within these areas, 
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Table 1. ADP:0 ratios for AIl-12 CMS X FC 506, Al-1l2 CMS and FC 506 
at each harvest date. 


Date Al-12 CMS X FC 506 Al-12 CMS FC 506 LSD.05 





June 26 1.97 1.86 2.03 NS 
July 10 1.79 eo 1.60 5 IZ, 
July 2h 1.75 1.70 1.87 .19 
August 7 2.03 1.96 2 al oll 
August 21 1.91 1.94 1.94 NS 
September 1.90 1.85 1.94 NS 
September 18 1.57 155 et NS 
October 2 1.61 1.49 1.63 NS 
October 16 1.29 Leu 1.22 NS 
October 30 ei 1.36 55 NS 
Mean 12706 1.66 leo .08 
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Table 2. R:C ratios for Al-12 CMS X FC 506, Al-12 CMS and FC 506 for 
each harvest date. 


eee 


Date Al-12 CMS X FC 506 Al-12 CMS FC 506 L$SD.05 


June 26 2.31 Seni 2.33 NS 
July 10 1.80 70 1.88 NS 
July 2h 2.88 2.44 20 yy 
August 7 2.31 2.39 25 NS 
August 2] 2.36 ovay 2.43 NS 
September } 1.88 1.91 on NS 
September 18 1.95 1.68 2.09 NS 
October 2 2.21 2.19 leek Pais: 
October 16 1.95 1.89 1.97 NS 
October 30 Bali 1.93 1.89 NS 
Mean 2.10 2.05 2435 2S 


SS eee _—_—E— Eee 
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Table 3. State 3 oxidation rates for Al-12 CMS X FC 506, Al-12 CMS 
and FC 506 for each harvest date. 


er CO Oo 


Date Al-12 CMS X FC 506 Al-12 CMS FC 506 LSD.05 
June 26 73 70 75 NS 
July 10 199 118 159 NS 
July 2h 10] 76 96 NS 
August 7 91 67 109 NS 
August 2] 114 100 80 29 
September 61 80 66 NS 
September 18 65 6] 72 NS 
October 2 60 67 62 NS 
October 16 79 74 94 NS 
October 30 135 96 92 NS 
Mean 98 8] 91 15 


Table 4. State 4 oxidation rate for Al-12 CMS X FC 506, Al-12 CMS 
and FC 506 for each harvest date. 


Date Al-12 CMS X FC 506 Al-12 CMS FC 506 LSD.05 
June 26 31 31 32 NS 
July 10 109 72 85 NS 
July 2h 35 3] 35 NS 
August 7 38 28 35 NS 
August 21 U7 Ls 32 13 
September 4 31 he 31 NS 
September 18 39 29 34 NS 
October 2 27 30 35 NS 
October 16 hO 39 46 NS 
October 30 62 50 48 NS 


Mean 6 ho hy] NS 
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Table 5. ADP:0 ratios for 129 CMS X A7134, 129 CMS and A7134 for 
each harvest date. 


——_——_—_———————— Ore ec 


Date 129 CMS X A7134 129 _ CMS A7134 LSD_.05 


June 21 2.07 2.00 2.06 NS 
July 3 1.74 1.66 1.65 NS 
July 18 Deyo 1.69 1.65 NS 
July 31 1.65 53 1.89 NS 
August 14 1.80 1.63 i. 76 NS 
August 28 2 ate 2.08 270i NS 
September 1] 74 1.45 1.61 .16 
September 25 1.9] 1.45 1.53 .20 
October 10 1.65 leu | ese ee 
October 2h E76 172 1.99 NS 
Mean 1.85 1.69 eto 08 
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Table 6. R:C ratios for 129 CMS X A7134, 129 CMS and A7134 for each 
harvest date. 


eee ae ee eee 


Date 129 CMS X A7134 129 _CMS A7134 LSD 205 
2 


June 2] 2.66 23.33 .80 NS 
July 3 1.84 1.62 bs73 NS 
July 18 oT 1.85 1.94 34 
July 31 2.67 2.45 2.92 47 
August 14 2.09 ork 1.83 NS 
August 28 2.19 2212 2.39 NS 
September 1] 2.34 1587 ela 39 
September 25 2.73 1.89 2.28 48 
October 10 2.62 2.20 2.06 NS 
October 2) 2.00 1.90 2.15 NS 
Mean 2.58 2.26 2.46 15 
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Table 7. State 3 oxidation rates for 129 CMS X A7134, 129 CMS and 
A7134 for each harvest date. 


te 


Date 129_CMS_ X A7134 129 _ CMS A7 134 LSD .05 
June 21 137 128 94 NS 
July 3 76 L7 66 14 
July 18 137 83 99 NS 
July 31 123 99 94 NS 
August 14 82 84. 61 NS 
August 28 56 55 90 NS 
September 1] 85 58 78 NS 
September 25 102 91 83 NS 
October 10 oh 67 81 NS 
October 2h 88 100 102 NS 
Mean 98 81 84 12 


Table 8. State 4 oxidation rates for 129 CMS X A7134, 129 CMS and 
A7134 for each harvest date. 


Date 129 CMS X A7 134 129 CMS A7 134 LoD a> 
June 21 54 55 LO NS 
July 3 4 30 38 9 
July 18 63 45 50 NS 
July 31 ks LO 43 NS 
August 14 T@) 4] 31 NS 
August 28 28 27 37 7 
September 1] 33 29 36 NS 
September 25 36 48 36 NS 
October 10 38 30 38 NS 
October 2h yh 52 47 NS 


Mean 4] 38 LO NS 
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Table 9. Correlations between growth rate and ADP:0 ratio for root 
fresh weight, root dry weight, total fresh weight, and 
total dry weight for each line. 


eee Ee 


Line Growth rate X ADP:0O 
WE FE AAD Oe 
Root weight Total weight 
Fresh wt Dry wt Fresh wt Dry wt 
Al-1l2 CMS X FC 506 255 gti 5h 22 
Al-12 CMS .70* Beane .65 .73* 
FC 506 54 36 58 255 
129 CMS X A7134 83% .B5%** 34 42 
129 CMS .B5%** .60 Ol ee .80* 
A7134 C1Or yh .93%* .62 
Growth rate (from calculated curve) X ADP :0 
Al-12 CMS X FC 506 Baar es -.12 .80* 30 
Al-12 CMS .95** .B2** .80* .9O*x* 
FC 506 .OT* 77 ** .80* 9 1** 
129 CMS X A7134 .90** OTK .65 .B1* 
129 CMS 255 TAG .O7** .B6** 
A7 134 255 »35 .93%* Bh x* 


Growth rate (from calculated curve) X ADP:0 
from calculated curve) 


Al-12 CMS X FC 506 .93%* -.09 Bx 35 

Al-12 CMS -95** 64 .66 -9Q** 
FC 506 .90** erat 07 -9B** 
129 CMS X A713 .99** Qhxx 67 -9Q¥* 
129 CMS .B7** .28 .98** .93%* 
AT 134 87 55 99 .93** 


OSE SE See 


* = significant at p = .05 
** = significant at p = .Ol 
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Table 12. Fertility rating and absence or presence of E. esterase 
in plants of cross NB 1 X 201 Rf 3 
Presence(+) Presence( +) 
Cross Plant ESE cepa or Plant Fertility or 
No. Rating\@ Absence (-) No. Rating Absence (-) 
Ofer Ofee 
3 a 
NB 1 X | PF + 26 MS = 
201 Rf 2 PF + 27 MS = 
3 PF + 28 PF + 
4 PF + 29 PF +: 
5 F + 30 PF + 
6 PF + 3] F = 
7 F-PF + 32 MS - 
8 PE + 33 PF + 
9 PF 4 34 MS - 
10 PF + 35 PF + 
1 PF + 36 F=-PF “ 
12 PF + 37 MS . 
13 F-PF + 38 PF + 
14 PF + 39 PF + 
15 PF + ho PF + 
16 MS - 4] MS ic 
ie F-PF + he F + 
18 E=PF + 43 PF _ 
19 MS - yh PF + 
20 F + hs MS = 
21 PF + h6 MS as 
22 F-PF + 7 F + 
23 PF + 48 MS = 
2h PF + 49 MS ; 
25 F-PF os 90 MS - 





(a) = F = fertile; PF = partial fertile; MS = male sterile 


Grams per plot 
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Figure 1, Root fresh weight growth curves for 
Al-12 CMS X FC 506, Al-12 CMS and FC 506. 
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Root fresh weight growth curves for 


129 CMS X A7134, 129 CMS and A7134. 
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Postharvest Activity of Sucrose Degrading Enzymes 
in Sugarbeet Roots 


Roger Wyse 


Sucrose in the root can be broken down or converted into various 
impurity constituents by the enzymes, acid invertase and sucrose 
Synthetase. Acid invertase hydrolyzes sucrose to the reducing sugars, 
glucose and fructose, and also catalyzes the transfructosylation reaction 
to produce kestose, Sucrose synthetase catalyzes the breakdown of 
sucrose to fructose and UDP-glucose. UDP-glucose is an intermediate 
in the biochemical pathway for the synthesis of more complex polysacch- 
arides possibly including raffinose. 


The purpose of this study was to determine the feasibility of 
assaying these key enzymes as a method of determining varietal] 
storageabi lity. 


MATERIALS AND METHODS 


Roots were hand harvested on October 11, lightly topped to remove 
petioles and terminal bud, hand washed and separated into 5 beet samples. 
Samples for storage were placed in perforated 2 mil polyethylene bags. 
Storage treatments were 28 days at 3 and 24 C (short-term storage) and 
50 and 100 days at 5 and 10 C (long-term storage). No weight loss 
occurred during storage and the samples were free of mold and sprouting. 


Analysis 


At each removal from storage the beets were sampled using a brei 
saw. For enzyme analysis, 30 g of well-mixed brei were added to 50 ml 
of extraction buffer solution (0.05 M PO,, pH 7.5; 0.1 mM mercaptoethanol, 
0.01 M NaSO,, O.1 mM EDTA) at O-5 C. Thé mixture was stirred periodically 
for 15 min and then filtered through two layers of cheesecloth and 
centrifuged at 30,000 xg for 20 min. The supernatant was dialyzed 
Overnight at 5 C against the extraction buffer and then assayed for 
sucrose synthetase and invertase activity. 


Juice was extracted from the remaining brei by squeezing through 
muslin and immediately frozen. At a later date these juice samples 
were thawed, clarified (DFS method) (Dexter, et al., 1967) and used for 
detailed impurity analysis. Reducing sugars, sucrose and amino acids 
were determined by the methods of Bernfeld (1951), Roe (1949), and 
Rosen (1957), respectively. In addition, the clarified juices were 
chromatographed on Whatman 3 MM paper for 24 hrs using a n-Butanol ; 
acetic acid ; water (8:2:3) solvent. Raffinose and kestose were located 
using a diphenylamine - aniline - H PO), spray. Relative amounts of 
raffinose were determined by a visual comparison with standards and 
of kestose by visually ranking relative color intensity among treatments 
on a scale of O-}. 
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Enzyme Assays 


Assays for sucrose synthetase and invertase were made at 37 C 
for 15 and 60 min, respectively. Assay mixtures for sucrose synthetase 
contained 80 4M sucrose, 0,2 4M EDTA, 1.0 4M NaF, 3.2 uM PO, (pH 7.2), 
3.5 uM UDP, and 0.03 ml of dialyzed extract in a total volume of 0.2 ml. 
Assay mixtures for invertase were the same as for sucrose synthetase, 
except that acetate buffer at pH 5.0 was substituted for the phosphate 
buffer. Controls for the sucrose synthetase assay were lacking UDP 
and boiled extracts were used for the invertase assay controls. 


Reactions were stopped by adding | ml of Nelson's copper reagent. 
Reducing sugars produced were measured by the method of Nelson (1944). 
Total protein was determined by the method of Lowry (1951) and then 
the enzymatic activ Lees were computed as myM of sucrose hydrolyzed 
to reducing sugars min = mg of protein. 


RESULTS AND DISCUSSION 
Raf finose 


The raffinose content was low at harvest and remained low during 
storage at 24 C (Figure 1). These low levels were barely detectable 
by the chromatographic method used, However, after only 28 days at 
3 C, the raffinose content had nearly tripled. Raffinose accumulated 
in the long-term storage even at 10 C. 


Reducing sugars 


The reducing sugar content decreased slightly during 28 days at 
3 C, but doubled at 24 C, Beets at 10 C accumulated considerably 
more reducing sugars in the first 50 days than beets stored at 5 C 
(Figure 1), Between 50 and 100 days the rate of accumulation was 
the same at both temperatures, 


Kestose 


No kestose was observed at harvest or in beets stored at eG 
for 28 days (Table 1). However, small amounts were observed in all 
other treatments. 


Enzyme activities 


Sucrose synthetase and invertase (pH 5.0) activities did not 
correlate with changes in raffinose, reducing sugars or kestose 
concentrations, Invertase activity was low at harvest and decreased 
to essentially zero after 100 days (Figure 2). Sucrose synthetase 
activity was high at harvest (7 to 8 times more activity than invertase), 
but decreased approximately 50% during 100 days of storage. 
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During short-term storage, sucrose synthetase activity dropped 
more drastically in the beets stored at 24 C as compared to those at 
3.C. Enzyme activity in 5 and 10 C storage did not differ. Pressey 
(1969) has previously shown that sucrose synthetase activity in potato 
tubers decreased during storage regardless of temperature. 


The level of invertase activity found in this study would indicate 
that kestose should be present in the beet at harvest. Since it was 
not, the pH 5 acid invertase studied here apparently is not involved 
in kestose production. This suggests the presence of other invertase 
enzymes not active at this pH, or active at pH 5 but are attached to 
the cell wall and not readily solubilized, 


The accumulation of reducing sugars during storage may be the 
result of rather subtle secondary factors having very little interaction 
with the genetic makeup of the root, These factors may be such things 
as mold growth or symbiotic growth of yeast and bacteria within the 
root, which show no visual signs of physical deterioration. The latter 
hypothesis is supported by the very low pH 5 invertase activities even 
in beets which accumulated reducing sugars and kestose, 
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Table 1. Relative kestose concentrations under several] storage 
conditions. 


Storage period, days 


At 28 O 100 

Harvest 82C 24 C 556 10 C SG TONG 

ee a es ot pt ee) mebpen et Bblevesl) Shih pee 
Ox O .42(3-12)** .9(5-12) 1.8(10-12).67(4-12) .67(3-12) 


ee Se 


* numbers indicate relative kestose concentrations (O = lowest; 
4 = highest) 

** the first number in parenthesis indicates the number of 
replications having kestose, the second, the total number of 
replications. 


Fig 1. 
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Amino acid, raffinose and reducing 


sugar content of roots in short and long 


term storage experiments. 
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Neutral Invertase Activity in Sugarbeet Roots 


Roger Wyse 


Many plants which store sucrose exhibit invertase activity with 
an alkaline pH optimum (Hatch, 1963) (Ricardo, 1970). Since neither 
acid invertase nor sucrose synthetase activity correlated with the 
accumulation of reducing sugars, attempts were made to determine if 
an alkaline invertase was present in sugarbeet. 


MATERIALS AND MOTHCDS 


lsolation 


Extracts were prepared from fresh or stored roots by blending 
50 gm of peeled and grated root tissue with 50 ml of grinding buffer 
(5 X 10° M PO,, 1 X 1073 M mercaptoethanol, 1 X 1072 MNaSO., 1 X 10°> 
M EDTA, pH 7.5) for | min at medium speed in a Virtis homogenizer. 
The homogenate was filtered through 2 layers of cheesecloth and 
centrifuged at 27,000 xg for 20 min. The supernant was then dialyzed 
Overnight against the grinding buffer. All procedures were carried 
out at O-5 C. 


Assay 
2 


Assays were performed using .15 ml assay buffer (1 X 10" M 
PO,, 1 X 10-3 M EDTA, 5 X 107! sucrose at the proper pH) and .05 ml 
dialyzed extract. The assays were incubated for 20 min at 37 C. The 
reaction was stopped by the addition of | ml of Nelson's copper reagent. 
The reducing sugars produced were determined by the method of Nelson 
(1944) and protein by the method of Lowry (1951). Units of enzyme 
activity are expressed as mym of reducing sugars produced per min per 
mg of protein under the assay conditions described above. 


RESULTS 


Assays for sucrose hydrolyzing activity from pH 5-8 indicated 
a peak of activity near pH 7 (Figure 1). This activity was present 
in both fresh and stored roots (1-2 months) at approximately equal 
activity (40-50 units). Results of substrate specificity experiments 
showed activity on raffinose and sucrose but not on maltose or melezitose 
which is consistent with the substrate specificity of a B-fructofur- 
anosidase or invertase enzyme (Table 1). 
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Table 1, Substrate specificity of sucrose 
hydrolyzing activity at pH 7.0 





Substrate Activity (Relative) 
Sucrose 100 
Raffinose } 8 
Maltose O 
Melezitose O 
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Effect of pH on sucrose 
hydrolyzing activity in 
sugarbeet root tissue. 
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Procedure for Inducing Curly Top Epidemics in Field Plots 


D. L. Mumford 


For approximately 40 years plots of sugarbeets have been grown in 
the field under conditions favorable for evaluating resistance to curly 
top virus, Selections from these plots over the years have been used 
as parental material for nearly all cultivars of sugarbeets grown in 
States west of the Rocky Mountains. Until 1962 evaluations for curly 
top resistance were carried out in southern Idaho under the direction 
of Albert Murphy. In 1962 this work was moved to Utah and plots were 
established near Thatcher, about }O miles west of the Logan laboratory. 
Disease evaluations were made at the Thatcher location until] 1969. 
During this period, natural movement of leafhoppers was relied upon to 
obtain disease development in the plots. Also during this time it 
became apparent that natural movement of leafhoppers would not provide 
satisfactory disease development each year and, in fact, might seldom 
be sufficient to evaluate the more resistant selections presently 
needing evaluation, Therefore, in 1969 the evaluation work was moved 
to a location 5 miles north of the Logan laboratory and procedures were 
developed for producing curly top epidemics artificially. 


PROCEDURES 


In 1942 Murphy (1) outlined various methods of inducing curly 
top epidemics in the field. Utilizing the method he mentioned of 
releasing viruliferous leafhoppers, procedures have been developed 
since 1969 that appear to assure successful curly top epidemics in 
the field nearly every year. The procedures used the past 2 years 
have resulted in very favorable disease levels for evaluation and 
Suggest that the results can be reproduced in succeeding years. Figure 
| outlines the schedule of events now being followed to induce curly 
top epidemics in field plots. 


As indicated in Figure 1, preparations begin on December 1, in 
order to have 40,000 leafhoppers reared and 150 virus source plants 
with good symptoms by June 2h, Approximately 250 sq. ft. of greenhouse 
bench space is required, Experience has shown that following the 
schedule quite close and having conditions favorable for both plants 
and insects are important to the success of the entire procedure, 


The disease plot is deliberately planted late so that weather 
conditions will be most favorable for release of leafhoppers. The 
warm dry weather in this area when the plot is planted makes it 
essential to have sprinkler irrigation available during the emergence 
period, With such irrigation, emergence is usually excellent and early 
growth is rapid, Thinning is done while the beets are small so leaf- 
hoppers can be released before the seedlings become more resistant 
with age, 
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Methods of leafhopper release and subsequent movement are important 
factors in uniform development of symptoms throughout the plot. For 
this reason, the leafhoppers are divided into groups of 100 per leaf- 
cage for virus acquisition, These groups of 100 hoppers are released 
at two locations (approximately 6 feet in from each end of a 20-foot 
row) in each row, This is accomplished by walking across the rows at 
a right angle to row length and uniformly releasing hoppers from each 
100 hopper leaf-cage over a predetermined distance. For 4 successive 
days after hopper release, a 12-foot length of aluminum tubing with 
heavy 2-3 foot rag strips hanging from it is carried over the rows 
in such a way that the rag strips drag over the plants and move the 
hoppers to new plants, Two such trips are made throughout the plot 
each day. 


Observation indicates that the learncppcrs move very short distances 
during the 3-4 weeks they are in the plot. &efore the above mentioned 
methods of releasing and scattering the leafhoppers were employed, areas 
10-20 feet in diameter where a large group ot hoppers were accidentally 
released would have unusually severe symptoms distinct from the remainder 
of the plot. This suggests that the leafhoppers fed on and inoculated 
plants primarily in the immediate area of release, 


To check on uniformity of infection, every ]Oth row in the plot is 
a check row, A relatively susceptible cultivar, US 33, and a relatively 
resistant one, US 41, are alternated as these check rows. These checks 
also serve as a guide when evaluations are being made and as a standard 
of comparison with different entries from year to year. In the 1972 
curly top plot 54 of the 83 rows of US 33 throughout the plot received 
a grade of 6 on a O-9 scale. Of the remaining 29 rows, 28 received 
either grade 5 or 7. This indicates the good uniformity of infection 
over the entire nursery. 


Figure 2 illustrates the differences between resistant and very 
susceptible entries observable in the 1972 disease plot. When differences 
such as these are obtained, it not only increases the reliability of 
the evaluations, but reduces the possibility of selecting plants that 
have simply escaped infection when individual plant selections need to 
be made from a particular row. 


DISCUSSION 


There are several advantages with the present method of inducing 
curly top epidemics rather than depending on natural leafhopper move- 
ments. The location of the plot is not restricted to near desert areas, 
The virus strain used for inoculation can be controlled, The period 
of time during which infection occurs is reduced. This last advantage 
is of considerable importance when evaluations for resistance are made, 
The time of infection influences greatly the severity of symptoms on 
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which the plants are graded. Therefore, if nearly all plants can be 
infected during a 1-2 week period as probably occurs with these procedures, 


then evaluations are more accurate than if plants are becoming infected 
throughout the growing season, 
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Figure 1, Schedule of ;gvents for inducing curly top epidemics in 
field plots— 





December | Plant enough US 33 seed to obtain 20 seedlings for starting 
reproduction cages on February 1. 


February | Start 15 reproduction cages with 50 adult leafhoppers per 


cage. 
Plant enough US 33 seed to obtain 140 plants for starting 
reproduction cages on April |. 

' April | Start 110 reproduction cages with 50 adult hoppers per cage. 


Plant enough seed of US 33 to obtain 200 plants to 
inoculate as virus source plants. 


April 10 Inoculate 10 US 33 plants (age 8 weeks) with virus to use 
as source on May 2h, 


May 24 Put 1200 hoppers on virus infected US 33 plants to inoculate 
virus source plants on June 1. 


June | Inoculate 200 US 33 plants with 5 hoppers per plant for virus 
source plants to be used on June 2h, 
Plant plots - keep moist with sprinkler system unti | 
emergence is satisfactory. 


June 2h Put 40,000 hoppers on the 150 best virus source plants at 
the rate of 100 hoppers in each of 400 leaf-cages. 


June 26-30 Cultivate and thin plots to approximately 20 plants per 


20 ft. row. 
July 1-2 Sprinkle plots. 
July 6 Release 40,000 viruliferous hoppers (100 hoppers per leaf- 
cage) uniformly over plots. 
July 7,8 Disperse hoppers on plots twice daily. 
9,10 
August | Spray plots thoroughly with Malathion or Parathion to 


kill all hoppers. Repeat if necessary. 
August 10- Record curly top grade for each row 
15 
Sept. 10- il i i i i 
15 


\/ 


— This schedule is geared to a 2.5 acre plot containing approximately 
2000 20-foot rows. 


"EE SN S! yB14 942 02 Mos sey BY, *adUeISI Sal 
JO seeibep juss9441p MoYs smo4 aj qijdeosns asay} 0} quasefpe smoy 


"49}U99 84} JO BP!IS 4942!9 UO SMO4 OM} By} UI 
A| 4e ON 


peep ase sjueid | je 
‘301d doy Ajano 216, ul seisque 91q!3da9sns pue jueqsisay 


- C74 - 


°g o4nbi4 





SUGARBEET RESEARCH 


1972 Report 


Section D 
Crops Research Laboratory, Fort Collins, Colorado 


Dr. R. J. Hecker, Geneticist 

Mrs. G. W. Maag, Research Chemist 
Dr. E. G. Ruppel, Plant Pathologist 
Dr. G. A. Smith, Geneticist 

Mr. J. O. Gaskill, Collaborator 


Cooperation: 


Colorado Agricultural Experiment Station 
American Crystal Sugar Company 

Great Western Sugar Company 

Holly Sugar Corporation 

Spreckels Sugar Division 

New Mexico Agricultural Experiment Station 


The research was supported in part by funds provided 
through the Beet Sugar Development Foundation 
(Projects 20 and 25). 











TAROMT TERARAQUS : 


Fie S46 ae ' 


ae y Oe ae, 


ant a ; , 
yee 7 = 
Niger). axittlaaaem (is aed Mogae 


a? ; ae Fini Ny tr od jatth 
Fred 4 in Simm “was oe sa 
389 Jools ~ Tega Tae sy a 
‘fs Saree sae cA he 


Pega scisi sie. be shales 
pasriece age heres te : 
‘vrkcgeanet rg 
Ot Ces eal 
9, vIvIO sepeengl cr 
L402 2 edges 


_— = oe 
oh i ; 
See h< , 0h L. Oe oe utes 
e One P e .< 


SumranyeOr ACCOMPLISHMENTS (9% Sl. Tl Si lis wl ee we 


nies 


CONTENTS 


RHIZOCTONIA RESISTANCE RESEARCH, 1972. .... SET HS 


Rhizoctonia Resistance Inheritance Study i 


fee Jee Hecker and*EeeG. Ripped 2) .. .5IGyh allow ann 


Rhizoctonia Resistance by Backcross Breeding 


Dye. J. Hecker, and E.G. Ruppéel. i . «\s « » « s« » 


Comparison of Hybrids Involving Rhizoctonia 
Resistant Pollinators by R. J. Hecker, G. A. 


Smith > and E e G e Ruppel e e e e e e e e e e e se e s e 


SUGARBEET DISEASE INVESTIGATIONS, 1972 by E. G. Ruppel 


PILI OCLONLATROOLTROGe. Me Set ett tyes Oe) et leh te s “ae sels 


PeECOSPOTE Leal SpOL. gametes! Sere Sie) Sots) Sy 
BeCernart ae Lodi Spot eee fe VII. SOT, Dee cee) Mel Co 


GENETIC AND BREEDING STUDIES 


Genetic Control of Nonsucrose Components in 


Sugarbeet by G. A. Smith and R. J. Hecker ...... 


Relationships of Yield Components in Random and 
Improved Sugarbeet Populations by G. A. Smith 


and R. ai e Hecker. e e e e. e e e e ° ° e e e e e ° e e 


Photosynthetic Efficiency in Relation to 


Performance by G. A. Smith and R. J. Hecker ..... 


The Heritability of Resistance to Cercospora Leaf 


Spot by G. A. Smith and E. G. Ruppel. ....... - 


Ineffectiveness of Low Temperature Alone for Floral 
Induction of Sugarbeet Seed by R. J. Hecker and 


G. A. Smith ° e e ° e e e e e e e e e e e e o e e ° e 


General Combining Ability of Some Currently Used 


PoultnAtore iby (CAs Smiths) osm. ballets peta lads fe. sitis 


RELATION OF SUGARBEET QUALITY CHARACTERISTICS AND METHODS 
OF SAMPLE PREPARATION AND STORAGE by G. W. Maag and 
R e AA e Hecker e e e e e e oe e e e e a e e e e e e e e e e ° 


DEVELOPMENT AND EVALUATION OF SUGARBEET BREEDING MATERIAL 
AND VARIETIES WITH RESISTANCE TO BOTH LEAF SPOT AND CURLY 


LOE 5 


1972 by G. A. Smith, E. G. Ruppel, and Cooperators. . 


Page 
D2 
D5 


D6 


D10 


Dil 


D13 
D14 
D14 


D15 


D15 


D16 


D16 


D16 


D17 


D19 


D25 


=, 027= 


SUMMARY OF ACCOMPLISHMENTS, 1972 


Rhizoctonia Resistance Research, 1972 


From a genetic analysis of disease indices of one Rhizoctonia 
susceptible and two resistant parents, and various segregating gener- 
ations from crosses among the parents, we propose that in these popu- 
lations there are three gene loci conditioning resistance to Rhizoctonia 
root and crown rot. Dominance and epistasis also are likely to be 
functioning in the genetic system. It is our general conclusion that 
developing high levels of Rhizoctonia resistance is possible but not 
without considerable effort, time, and expense. It appears that breed- 
ing methods involving progeny evaluations would likely be more efficient 
in improving resistance than mass selection. 


From a preliminary study of the effectiveness of backcrossing to 
transfer Rhizoctonia resistance into susceptible sugarbeet lines, it 
is apparent that one cycle of phenotypic selection in each backcross 
generation will not be adequate to achieve a complete transfer of resis- 
tance. Considering these preliminary results, the relatively complex 
inheritance of resistance, and the environmental influence on disease 
expression, the transfer of resistance by backcrossing is likely to be 
difficult and slow, but not impossible. 


In a disease free comparison of 40 experimental hybrids, their 
five Rhizoctonia resistant pollinators, and four checks, the hybrids 
were not superior in any case to the adapted commercial hybrid check. 
However, both parents of all these hybrids came from the Rhizoctonia 
and leaf spot-curly top resistance breeding programs where disease 
resistance rather than root yield combining ability had been emphasized. 
The experimental hybrids were generally equal to the check for sucrose 
content and purity but generally demonstrated considerably less hetero- 
sis for root yield. Under intense leaf spot or Rhizoctonia infection 
certain of these experimental hybrids have demonstrated superior sugar 
production over commercial checks. 


Genetic and Breeding Studies 


A predominance of additive genetic variance was found for the 
nonsucrose sugarbeet constituents, sodium, potassium, betaine, amino 
nitrogen, nitrate nitrogen, and total nitrogen. Results indicated 
that breeding for lower quantity of all these nonsucrose components, 
except betaine, would best be done in a high N environment. In 
provement of betaine levels can likely be achieved under a wide range 
of N levels. 
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The relative importance of the three basic variables affecting 
recoverable sugar in sugarbeet (root weight, sucrose %, and purityZ), 
was found to be different in improved sugarbeet populations as compared 
to unimproved populations. Results suggest that the emphasis of breed- 
ing programs will need to change with changes in the genetic structure 
of the improved population. 


Recent results along with previous study indicated that 30-40% 
of the variance in leaf spot resistance is environmental, 36-47% is 
due to nonadditive genetic variance and 20-25% is due to the additive 
component of genetic variance. 


Development and Evaluation of Breeding 2"erial with Resistance to Leaf 
Spot and Curly Top 


Twenty-six lines tested for Cercospora leaf spot resistance at 
Fort Collins and for curly top resistance at Logan, Utah had high resis- 
tance to both diseases. The 26 lines ranged from 43 to 78% of US 41 
for curly top resistance and had leaf spot readings of 2.0-3.0 ona 
0-10 leaf spot scale. Fourteen top crosses with seven different polli- 
nators from a group of 64 entries gave curly top readings of 74-85% of 
US 41 in field tests at Logan, Utah. 


Numerous sugar company lines were evaluated for resistance to 
Cercospora leaf spot under field conditions. The leaf spot epidemic 
developed slowly due to cool nights following inoculation. The 
epidemic did reach a satisfactory level by September 1, 1972. 


General combining ability of five disease resistant pollinators 
was inversely related to per se performance for root weight. Per se 
performance for sucrose and purity compared very favorable with the 
actual GCA estimates for the five common female lines in the test. 


Relation of Sugarbeet Quality Characteristics and Methods of Sample 
Preparation and Storage 


Fifty-five sugarbeet samples of 20 lbs each were harvested from 
diverse genotypes and environments. Juice extracts were prepared from 
each brei sample by six methods: Two extracts were prepared and analyzed 
immediately, one with and one without the preservative PMA; the same 
two extracts were frozen for 10 days before analysis; and two extracts 
were prepared, one with and one without PMA, from brei which had been 
frozen for two weeks. Brei sucrose (before and after freezing), thin 
juice purity, and extract sucrose, RDS, and purity were determined. 

Also determined were the seven nonsucrose components: conductivity ash, 
total N, amino N, NO3, Cl, Na, and K, and computed as % based on 100 


sucrose in extract. Statistical analyses of the data showed: (1) brei 
sucrose was not significantly changed by freezing, (2) there was no 
significant difference between extracts prepared with and without PMA, 
(3) the two frozen extracts’ means showed a significant difference 

from those of the fresh extracts for most components measured. The 
extracts prepared from frozen brei showed a significant difference in 
total N only, (4) a stepwise regression analysis showed sodium and 
potassium, respectively, most highly correlated with % sucrose, but 
conductivity ash and amino N showed the highest correlation to purity. 
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RHIZOCTONIA RESISTANCE RESEARCH, 1972 


Field studies of Rhizoctonia root and crown rot (R. solant) of 
Sugarbeet were conducted at our disease nursery (Warren tract) near 
the Colorado State University Agronomy Research Center, Fort Collins. 
The following experiments, in addition to selection areas, were in- 
cluded in the Rhizoctonia field: 


IR Side dress versus rosette inoculation 

2R Rhizoc. evaluation of regional coop test 

3R Rhizoc. resistance inheritance and backcross study 
5R  Rhizoc. evaluation of breeding lines 

7R  Rhizoc. evaluation of BSDF contributed lines 

8R Rhizoc. evaluation of progeny lines 


Except for experiment 3R and the selection areas, a side-dress 
inoculation technique was used in 1972. This method of Rhizoctonia 
inoculation (3 weeks post thinning) was equally as effective as the 
rosette inoculation method in experiments conducted in 1970 and 1971. 
However, in 1972 this side-dress inoculation failed to induce an ade- 
quate root rot epidemic. Reasons for the failure of the epidemic to 
develop are not easily explained. Since the inoculum was known to 
be highly pathogenic in the greenhouse and in experiment 3R, its viru- 
lence is not in question. We believe, therefore, that adverse weather 
conditions contributed primarily to the mild epidemic. Rhizoctonia 
root rot develops best under warm temperatures. The subnormal day and 
night temperatures that prevailed at inoculation and, indeed, through 
most of July and early August undoubtedly restricted fungus growth in 
the soil. The beets, however, grew well during this period and probably 
attained some mature-plant resistance before the pathogen was able to 
invade the roots. 


Conversely, inoculum placed in the crown of beets (rosette method) 
in experiment 3R and the selection areas was able to penetrate and in- 
fect the plants immediately and a severe epidemic ensued. Until addi- 
tional data are obtained on inoculation technique x environment inter- 
actions, the rosette inoculation method will be used in future field 
tests. From our experience we can only recommend the rosette method 
as a reliable Rhizoctonia inoculation technique (one-sixth teaspoon of 
dry, ground, barley-grain inoculum per plant, placed in the center of 
the foliar rosette approximately 3 weeks post thinning). 


In experiments 1R, 2R, 5R, 7R, and 8R there was insufficient in- 
fection to distinguish genotype differences in resistance to Rhizoctonia. 
Therefore, no results for these experiments will be reported. 
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Rhizoctonia Resistance Inheritance Study by R. J. Hecker and E. G. 
Ruppel 


Experiment 3R, 1972, included a number of populations which had 
been developed to further study the inheritance of resistance to Rhiz- 
octonia root and crown rot in sugarbeet. Inheritance information would 
be of considerable value in breeding for resistance. 


The entries listed in Table 1 were grown in a randomized complete 
block experiment, 12 replications, 20-ft single row plots (22-in 
apart), planted May 15, thinned June 14, rosette inoculated July 13, 
and dug and rated on an individual plant basis September 19. Infec- 
tion and the epidemic were very satisfactory. Disease index (DI) 
ratings were based on a scale of 0 (completely healthy) to 7 (dead). 


Total within plot variances of disease index were calculated from 
the frequency distributions and are tabulated in Table 1. Total genetic 
variances were estimated for the F,'s and segregating populations by 
using the mean total within plot variance of the three parents (P), Po, 
and P3) as an estimate of the environmental variance. From studying 
the frequency distributions it was apparent that there was some heter- 
ozygosity in the resistant parents (Pj and P3). Therefore the estimated 
genetic variances should be somewhat conservative. All heritabilities 
(h2) were estimated, but the most meaningful h2"'s are for the two Fo's 
(entries 703 and 704). These broad sense h2's (.47 and -46) were rela- 
tively high and compare with .27 and .30 in the 1970 inheritance study. 


The frequency distributions were examined and attempts were made 
to find obtained classifications in the segregating populations which 
fit the classical ratios (3:1, 1:1, 9:3:3:1, etc). None fit satis- 
factorily. From further study of the frequency distributions it was 
apparent that P; (Rh. susc. parent) was relatively homozygous, 812% 
rated 7, and only 2.8% collectively rated 0, 1, and 2. Po and P3 (Rh. 
resistant parents) obviously were not homozygous for resistance, 4% 
and 12% in class 7, respectively. Obtained segregation ratios adjusted 
for Pp and P3 heterozygosity still failed to fit classical expected 
ratios. Testing of specific genetic models was then tried. There are, 
of course, an infinite number of possible models, but from examination 
of obtained means, frequency distributions, and variances, the most 
probable genetic hypotheses were developed. Certain factors about the 
obtained data made the formulation of genetic hypotheses very difficult, 
i.e., Pp and P3 means of 1.4 and 2.2; F, means of 4.3 and 3.4 (slightly 
recessive for resistance versus dominance). Some of the results were 
not quite consistent with the preliminary inheritance study of 1970 
(Sugarbeet Research, 1970 Report). However, the disease intensity and 
uniformity of infection was more satisfactory in 1972; therefore, the 
1972 data are considered better for development and testing genetic 
hypotheses. 


Numerous genetic models and variations within models were tested 
comparing theoretic means and genetic variances with obtained means and 
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genetic variances. Two locus models did not account for the differences 
between the three parents (P,;, Pj, and P3). The three locus model in 
Table 2 was the model which provided the best fit to obtained data. In 
general this best model did not provide an entirely satisfactory fit to 
the obtained data. The theoretic means of P, x Po, Fy and P, x P3, Fy 
were the only means which differed from obtained means. Hence, the 
genotypes proposed in the model for P,, P29, and/or P3 were not exactly 
right, or else the gene frequencies proposed for Py and P3 were slightly 
incorrect. There were also some differences between obtained and 
theoretic genetic variances, particularly for Py and P, x Po, Fy. But 
it appears that the models as proposed in Table 2 do approximate the 
actual genetic control of Rhizoctonia resistance in FC 701/3, FC 702/3, 
and FC 901. The genetic models proposed in the 1970 study are not 
greatly different than those proposed this year in Table 2. We had 
proposed allelic differences between FC 701/3 and FC 702/3 in 1970. 
This year we propose locus differences between these two resistant par- 
ents. We think the locus difference is probably more nearly accurate. 
Therefore, we are proposing that there are tiree gene loci conditioning 
resistance. FC 701/3 and FC 702/3 are probably each heterozygous for 
two loci (FC 701/3 is heterozygous for A and B; FC 702/3 is heter- 
ozygous for A and C). Assuming we have essentially described the true 
genetic situation, there still are probably some modifying genes or 
some specific epistatic interactions which directly affect Rhizoctonia 
resistance. 


From these results and breeding experience it can be assumed that 
developing high levels of Rhizoctonia resistance in adapted materials 
or backcross incorporation of resistance into parent lines of hybrids 
is possible but not without considerable effort, time, and expense. It 
would appear that breeding methods involving progeny testing for resis- 
tance would be more efficient in improving resistance than mass selection. 
Any resistance breeding program will at this point in time require a 
field evaluation program with close control in a well managed disease 
nursery. 


Our breeding program currently involves simultaneous improvement 
of Rhizoctonia resistance and general combining ability of the FC 701 
and FC 702 series for potential use as pollinators. We are continuing 
to study the degree to which we may be able to capitalize on dominance 
for resistance. We are also developing mono, type-O lines with resis- 
tance, and have started a program to develop resistance in SP 6322-0 
(a widely used pollinator in commercial hybrids). 
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Table 1. Disease indices (DI, 0 = no disease, to 7 = dead) of parents, 
F,'s, segregating populations, and checks for study of inheri- 
tance of Rhizoctonia resistance. 





Broad 

Total Total sense 
Entry Obtained MIaD ays within genetic herit- 
no. Population DI— DI—_ plot var. var. ability(h2) 
697 P,;(FC 901 Rh.susc.) 6.4 a 1.94 
698 Po;(FC 701/3 Rh.resist.) 1.4 f 2.97 
699 P3;(FC 702/3 Rh.resist.) 2.2 e S297 
700 =P, x Po, Fy 4.3 c¢c 3.9 4.30. 1.34 231 
701 .RPyex= P5184 3.4d 4.3 4.41 1.46 -33 
703 "Bye xePosaes 4.0 cd 329 Jase 2.63 247 
104° PP sea 5 Res 329 ged 4.3 5.44 2.49 - 46 
JOSE exer te32¢ 1.8 4.19 L283 229 
706 “SPysxp(PyexiPs;s: Ex) 5.5°b 232 3.15 -20 .06 
707) Pagtxn (Py) x-P35 aF 7) 5.2 b 5.4 3.24 28 -09 


717. GW 674-56C (Orig. of P>) 5.5 b 


718 C 817 (Orig. of P3) 5.2b 


A yeans followed by the same letter are not significantly different at the 


5% level. 
2/ 


— Midparental values; assumes homozygous parents, only additive gene action, 
and no selection. 
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Table 2. Comparison of obtained and theoretic means and genetic vari- 
ances for disease index in the Rhizoctonia resistance inheri- 
tance study, 1972. 


Entry Mean DI Genetic variance 
no. Population Obtained Theoretic Obtained Theoretic 


Model for P,; (FC 901 Rh.susc.) and Pp (FC 701/3 Rh.resist.): 
P, is aabbcc, DI = 6.4 
P» is heterozygous; frequency of a and b = .44, c = 1 (estimated from 
P, distribution) 
A is partially dominant for resistance; Ist A adds -2.7 and 
2nd A adds -.5 
B is partially dominant for susceptibility, lst B adds -.5 and 
2nd B adds -2.7 
A and B are complimentary so that when together their genetic 
value is 0 
AABBCC assumed to have DI = 0 


698  P5(FC 701/3 Rh.res.) 1.44.11 1.5 2.97 6.29 
700 Py x Po, Fy 4.34.14 3.6 4.30 6.92 
70BNP" Py) x Po, Fo 4.04.14 4.0 5.59 6.05 
706 Py x (Py x Po, Fy) 5.54.12 5.3 3.15 3.42 


Model for P, and P3 (FC 702/3 Rh.resist.): 
P, is aabbcc, DI = 6.4 
P3 is heterozygous; frequency of a and c = .59, b = 1 (estimated from 
the P3 distribution) 
A is partially dominant for resistance; lst A adds -2.7 and 2nd 
A adds -.5 
C is completely dominant for resistance; lst C adds -3.2 
A and C are complimentary so that when together their genetic 
value is 0 
AABBCC assumed to have DI = 0 


699 Ps 2.24.13 2.3 3.97 4.85 
POLS om py x! PZ, F] 3.44.14 3.9 4.41 4.84 
704 Pi x P3, Fo 3.9+.16 4.1 5.44 4.63 
707. s- Py x (Py x P3, F) 5.24.13 5.2 3.24 3.06 


Model for P, (Rh.resist.) and P3 (Rh.resist.): 
P, is heterozygous for a and b; frequencies = ~44 
Homozygous for c 
P3 is heterozygous for a and c; frequencies = .59 
Homozygous for b 
Same dominance and complimentation as specified above for crosses 
with Py 


TO5SAMAP 8x 9PZ50F > 2.3+.13 oy 4.19 5.39 
De eee. eee ee ™S—S—C"SC#EENNN"N 
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Rhizoctonia Resistance by Backcrossing Breeding by R. J. Hecker and 
E. G. Ruppel 


The backcross (BC) method of breeding should theoretically provide 
a precise way of incorporating Rhizoctonia resistance into proven par- 
ents of hybrids, varieties, etc. The effectiveness of the method is 
directly related to the effectiveness of selecting the resistant geno- 
types in each backcross generation. 


We know from the inheritance study that Rhizoctonia resistance is 
probably conditioned by more than one gene locus and that chance or 
environment (escapism, etc.) may have considerable effect on the disease 
expression of individual plants. Therefore, we would expect some dif- 
ficulty in transferring Rhizoctonia resistance by backcrossing, partic- 
ularly a transfer without some diminution of resistance. 


In Experiment 3R, 1972, we had included six backcross populations 
which have provided some preliminary data on the transfer of Rhizoctonia 
resistance by backcrossing. Materials and methods were described in the 
preceding inheritance study. Table 1 lists the populations and disease 
index means. 


Each of the six BC populations (711-716) had one cycle of selection 
for Rhizoctonia resistance. In the case of the BC,'s 711-714, selection 
was done in the Fj. In the BCy"s 715-716, selection was done in the BC, 
generation. It is quite obvious that one cycle of selection in each 
backcross generation will not be adequate to achieve a complete transfer 
of Rhizoctonia resistance. In BC,"s 712 and 714, selection led to no 
greater resistance than the random backcross, 707. Entry 713 was the 
only backcross population which showed a marked response to the selec- 
tion for Rhizoctonia resistance. However, all six BC's with one gen- 
eration of selection (711-716) had slightly lower disease indices than 
expected with no selection. It does not appear that the open pollination 
of BC,'s 711 and 712 had any effect on resistance. Also, it appears that 
one cycle of selection in the Fy is likely to be only slightly more effec- 
tive than one cycle of selection done in the BC,. The BCy's (715 and 
716) with one cycle of selection are only slightly more resistant than 
expected with no selection. 


Considering the relatively complex inheritance of Rhizoctonia 
resistance and possible environmental influence on disease expression, 
the transfer of Rhizoctonia resistance by backcrossing is likely to be 
difficult and slow. It would probably be necessary to make two or three 
cycles of mass or mother-line selection for resistance in each back- 
cross generation. It might be possible to backcross without selection, 
and then practice intense selection for resistance in an advance back- 
cross. But, there would be considerable risk that this intense final 
selection might genetically alter the population with a loss of desir- 
able characteristics of the recurrent parent. 
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Table 1. Disease indices (DI) for Rhizoctonia resistance of parents, 
backcrosses, and checks (Experiment 3R, 1972). 








DI 
Entry Population poets Expected 
pi no se1.2/ 

697 P13(FC 901;Rh.susc. ) 6.4 a 

698 P53(FC 701/3;Rh.res.) 14f£ 

699 P33(FC 702/3;Rh.res.) Z22 76 

706 Byox (Bi 3x Po,F) 5¢5 eb ae 
707 Pye 2e(Py fe P35, Fy) 5e2>b 5.4 
“11 [P) x (P) x Po,Fo;Rh.sel.)] OP, ae ahc Sie 
vi2 [P x (Py x P3,F;Rh.sel.)] OP; De 22D 5.4 
713 Byex (Pyyx ‘Po, Fo3Rh.sel.) 4.5 c¢ 5.2 
714 Py, x(P) x P3,Fo3Rh.sel.) 5=2ib 5.4 
715 P, x [P, x (Py x Po9,F))3Rh.sel.] 5.6 b 5.8 
716 Ry x [P x (Py x P3,F,) ;Rh.sel.] wee D Ded 
700 Py x Po; Fy 43"¢ 

701 Py x P55 By 3.4 d 

703 Pt x Po, Fo 4.0 cd 

704 Py x Pa Fo 3.9 cd 

ei7 GW 674-56C (Orig. source of P»5) 5. Sub 

718 C 817 (Orig. source of P3) Baeeb 


Uy on a scale of 0 to 7 with 0 = healthy and 7 = dead. Means followed. 


pey the same letter are not significantly different at the 5% level. 
— Midparental values; assumes homozygous parents, additive gene action, 
and no selection. 


Comparison of Hybrids Involving Rhizoctonia Resistant Pollinators by 
R. J. Hecker, G. A. Smith, and E. G. Ruppel 


Forty experimental hybrids involving 12 male sterile female lines 
(from our leaf spot-curly top resistance breeding program) and five 
pollinators (from our Rhizoctonia resistance breeding program) were 
compared in 1972 for four yield characteristics. Four checks and the 
five pollinators were also included for a total of 49 entries. They 
were grown disease free at the Colorado State University Agronomy 
Research Center in a 7 x 7 triple lattice (9 replications) with 20-ft 
single row plots. The test was planted April 11 and harvested October 
5. One hundred pounds of actual nitrogen was applied as ammonium nitrate. 


The five pollinators resulted from intense selection for Rhiz- 
octonia resistance with little selection for combining ability or per 
se performance. Means for the most superior hybrids are shown in 
Table 1 along with the checks and pollinators. 
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Table 1. Means for selected hybrids, four checks, and five polli- 
nators for regt weight, sucrose, purity, and recoverable 
sugar, 1972.— 


Root wt. Sucrose Purity Recov.sug. 


Entry (kg/plot) (%) (%) (kg/plot) 
662119sl x FC 703 re 18.4 95.6 2.65 
662119s1 x FC 701/2 14.8- 18.4 9523 2.46- 
(FC 603 x 662119si) x FC 703 15.2- 18.1 94.9 2.47- 
(FC 603 x 662119s1) x FC 801 15.6 17.7- 94.4 2.45- 
(FC 603 x 662119s1) x 711245HOO 15.8 18.1 94.7 2.922 
681205HOO x FC 702/2 14.0- 19 .3+ 95.1 2.44- 
(FC 504 x FC 502/2) x FC 703 13.4- 19.0 9551 2.29- 
662125sl x FC 702/2 13.3- 18.8 96.4+ 2.31- 
Mean of 8 9's x FC 701/2 13.6- 18.3 94.6 2.22- 
Mean of same 8 9's x FC 702/2 #13.6- 18.7 94.9 2.28- 
Checks and pollinators 
GW Mono Hi Al (Check) 16.6 18.6 94.5 2.74 
US H20 15.8 iio 94.3 2.46- 
GW 674-56C 13.0- 17.7- 94.3 2.03- 
FC 506 CMS x FC 902 14,1- 18.1 94.0 2924 
FC 701/2 10.9- 18.1 94.1 1.74- 
FC 702/2 10.9- 18.4 94.0 1.76- 
FC 703 11.4- 18.5 94.7 2.24- 
FC 801 12.6- 18.0- 94.5 2.02- 
711245HOO 12.4- 17.9- 94.9 1.99- 


ee aan ac ce ieee ee 
1 
ahr following a mean indicates significant superiority (5% level) to 
the check GW Mono Hi Al; —- indicates significant inferiority; no 
sign indicates no significant difference from the check. 


it is obvious from Table 1 that the experimental hybrids were not 
as good as the check, GW Mono Hi Al. This check is the hybrid variety 
grown commercially in this area. There were no experimental hybrids 
superior to the check for root yield, only one superior for sucrose, 
only one superior for purity, and none superior for recoverable sugar. 
For recoverable sugar there was only one hybrid which was not dif- 
ferent than the check; allothers were significantly inferior. This 
is not too surprising, since disease resistance has of necessity received 
the greatest emphasis in the development of both the females and the 
pollinators. Combining ability for root yield is where the check has 
shown its superiority in this disease-free test. In other tests, under 
intense leaf spot infection or Rhizoctonia infection, certain of these 
experimental hybrids have demonstrated unquestionable superiority. 
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SUGARBEET DISEASE INVESTIGATIONS, 1972 


E. G. Ruppel 


The following are brief summaries of research conducted in 1972. 
In most cases, sufficient data are not available for detailed presenta- 
tion of results at this time. Results, therefore, should be considered 
tentative until confirmatory data are obtained. 


Rhizoctonia Root Rot 


Soil composition and texture.--Sugarbeet cultivars FC 701/2 (root 
rot resistant) and GW 674-56C (susceptible) were grown in various mix- 
tures of a heavy clay soil and peat moss or sand. Percentages of peat 
or sand varied from 0 to 75% (v/v). Soil mixes initially were fertilized 
with slow-release pellets, and all pots were irrigated weekly with a 
liquid fertilizer. The soil in each pot was infested with dry, ground, 
barley-grain inoculum of Rhtzoctonta solani when plants were 3 months 
old. Roots were evaluated for rot 30 days after inoculation. Severity 
of root rot was essentially similar in all clay-peat mixtures. With 
clay-sand mixes, however, there was a tendency toward increased root 
rot severity with an increase in sand content. 


Plant age at inoculation.--Cultivars FC 701/2 and GW 674-56C were 
inoculated with R. solant at 2, 4, 8, 12, and 16 weeks of age. Dry, 
ground, barley-grain inoculum was placed 2 cm deep in the soil about 
2 cm from each tap root. In two tests with five replications per test, 
root rot was most severe in beets inoculated at 8, 12, and 16 weeks of 
age regardless of cultivar. Differences between cultivars were highly 
Significant at the older ages, with severity being greater in GW 674-56C 
at all ages. The apparent resistance exhibited by 2- and 4-week-old 
plants contrasts with the lack of resistance normally seen in seedlings 
of any cultivar when planted in Rhizoctonia-infested soil. 


Inoculum potential.--Dry, ground, barley-grain inoculum was added 
to steamed soil to give concentrations of 1000, 2800, 8000, 22,600, and 
64,000 ppm inoculum (dry weight basis). Seeds of resistant cultivar 
FC 701/5 and susceptible GW 674-56C were planted in each mixture. 
Controls consisted of seeds planted in sterilized soil containing 
64,000 ppm of autoclaved grain inoculum. Damping-off as a percentage 
of control survival was directly proportional to the amount of inoculum 
in the soil from 2800 to 64,000 ppm. Damping-off in soil at 1000 ppm 
inoculum was equal to that recorded in soil having 8000 ppm. Dif- 
ferences between cultivars were evident at all concentrations up to 
22,600 ppm, with more damping-off occurring in GW 674-56C. 


Isolate differentiation.--A crown, foliar, and root isolate of 
R. solant from sugarbeet, and a stem isolate from potato were grown in 
Czapek's dox broth for 2 weeks. Free amino acids were extracted from 
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the cell-free medium, and from sonically homogenized mycelial pads and 
analyzed in an amino acid analyzer. Differences among isolates were 
detected in the amounts of several amino acids recovered from mycelium. 
Generally, the faster growing crown and foliar isolates yielded sig- 
nificantly greater amounts of most amino acids on a dry weight basis 
than did the root and stem isolates. (This study is being conducted 
in cooperation with Grace Maag, Research Chemist.) 


Longevity of inoculum.--Dry, ground, barley-grain inocula of 
R. solani (RR-9) prepared for field studies yearly from 1960 through 
1966, 1968, and 1971 have been stored in a refrigerator at 2-3 C. 
(Inoculum from 1967, 1969, and 1970 was exhausted in field studies.) 
Viability of each year's inoculum was tested on a Rhizoctonta-selective 
medium. Average number of colonies per plate was: 1960, 0; 1961, 5; 
1962 5 .23.51963, 1s :1964,..103..1965,5..3; 1966, .5731968, alil9/ lal ie 
Ability to incite damping-off was tested by planting sugarbeet seeds 
in infested soil. Average percentage damping-off was: 1960, 19; 1961, 
90; 1962, 78; 1963, 17; 1964, 97; 1965, 673; 1966, 56; 1968, 13; 1971, 
100. The ability to induce root rot was tested by placing inoculum in 
the crowns of 8-week-old sugarbeets. Plants were kept in a humidity 
chamber for 5 days. Average root rot severity 30 days after inocula- 
tion (scale of 0 to 5, with 0 = no rot and 5 = 100% rot) was: 1960, 
1.0; 1961, 2.0; 1962, 4.3; 1963, 0.8; 1964, 3.3; 19659°3:0; 19667eicn- 
1968, 0.3; 1971, 3.0. Viability and pathogenicity were not associated 
with age of inoculum. Pathogenicity (or virulence), however, was as- 
sociated with viability. These results, and those of the inoculum 
potential study (3, above) demonstrate the relationship between root 
rot severity and concentration of the pathogen in soil. 


Cercospora Leaf Spot 


Cultural and pathogenicity comparisons of several new isolates of 
Cereospora beticola with other isolates on hand were conducted. Some 
cultural differences were noted, but all isolates behaved similarly in 
resistant and susceptible cultivars without significant isolates X lines 
interactions. 


Alternaria Leaf Spot 


A serious foliage blight was observed in a portion of our Rhiz— 
octonia breeding nursery. Disease symptoms and isolations of Alternarta 
brasstcae indicated that the disease was Alternaria leaf spot, first 
described by McFarlane et al. [J. Amer. Soc. Sugar Beet Technol. 8(Part 
1):241-246, 1954] from California. Although the disease was more severe 
in certain inbred lines, some hybrids also were affected. Both Rhiz- 
octonta-inoculated and noninoculated plants were similarly affected 
indicating that root rot did not predispose the beets to leaf spot. The 
disease apparently was limited to the Rhizoctonia nursery. No Alternaria 
leaf spot was observed in our Cercospora nursery, which was located only 
90 m west, or in sugarbeets on the CSU Agronomy farm or a commercial 
field (400 to 800 m north). 
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GENETIC AND BREEDING STUDIES, 1972 


Genetic Control of Nonsucrose Components by G. A. Smith and R. J. Hecker 


It is well known that the processing impurity components or sol- 
uble nonsucrose constituents in sugarbeets impede crystallization and, 
hence, lower extraction of sucrose. Potassium, sodium, amino acid 
nitrogen, and betaine are four melassogenic components that account for 
80-90% of the refractometric nonsucrose constituents in second carbon- 
ation juice and are considered the most important nonsugar impurities 
with which the sugar processor is obliged to deal. 


About the only conclusion which can be drawn from the literature 
is that the genetic control of the important nonsucrose components is 
probably quantitative. If the proper popula: ions can be obtained, the 
diallel analysis can be used successfully to better understand the 
nature of gene action governing quantitative traits. We used the diallel 
analysis to determine (1) the relative importance of general and spe- 
cific combining ability for each of six nonsucrose components, (2) the 
magnitude of genetic variance for additive and nonadditive gene action. 


Results indicated a predominance of additive genetic variance for 
sodium, potassium, betaine, amino nitrogen, nitrate nitrogen, and total 
nitrogen. Heterosis for low betaine was found under low and high nitro- 
gen levels. Our results indicate that breeding for lower quantity of 
all these nonsucrose components, except betaine, would best be done in 
a high N environment. Improvement of betaine levels can likely be 
achieved under a wide range of N levels. 


Relationships of Yield Components in Random and Improved Sugarbeet Popu- 


lations by G. A. Smith and R. J. Hecker 


Complex characters such as yield are the end product of many 
factors which jointly or singly influence the end product. A desirable 
prerequisite for a plant breeder is to have information on the direct 
or indirect influence of these characters on yield. Wright (1921) 
developed a technique known as path-coefficient analysis by which the 
extent and nature of direct and indirect effects of the component char- 
acters can be understood. While there are many reports on correlation 
studies in sugarbeet, there has been no application of path-coefficient 
analyses in this crop. 


Using this technique we have recently found evidence which sug- 
gests that the relative importance of the three basic variables affect- 
ing recoverable sugar (root weight, sucrose %, and purity%), is different 
in improved sugarbeet populations than in unimproved populations. Re- 
sults suggest that the emphasis of breeding programs will need to change 
with changes in the genetic structure of the improved population. 
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We are currently applying the path-coefficient technique to thin 
juice purity %. Using sucrose % and the nonsucrose components of sodiun, 
potassium, betaine, amino nitrogen, nitrate nitrogen, and total nitrogen 
as the independent variables, we expect to accurately rank the relative 
importance of these components to thin juice purity. 


Photosynthetic Efficiency in Relation to Performance by G. A. Smith and 


R. J. Hecker 


We are currently studying a leaf disc technique in the laboratory 
which may be used to determine net photosynthesis. We are studying 
from a breeding aspect the ability of the technique to differentiate 
photosynthetically efficient lines from less photosynthetically 
efficient lines. We intend to later study the relation of the lab- 
oratory results to actual field performance and combining ability. 


The Heritability of Resistance to Cercospora Leaf Spot by G. A. Smith 


and E. G. Ruppel 


We previously reported broadsense heritability estimates of 60 to 
71% (see Smith and Gaskill, J. A.S.S.B.T., Vol 16, 1970). Current 
results from a 3 year study gave narrow sense heritability estimates 
of .243. These results were based on regression analysis of F3 fam- 
ilies on F5 plants. Two resistant by susceptible crosses were used in 
the study. Parents in the study were inbred and homozygous for re- 
sistance or susceptibility. As part of the study, high and low selec- 
tions were made for resistance in each of the two Fo populations to 
serve as checks on the accuracy of heritability estimates obtained by 
regression. Heritability estimates of .267 and .205 were obtained for 
the two crosses after the F3 populations were grown. These results 
agree well with the .243 values obtained by parent progeny regression. 
These results estimate the additive portion of the genetic variance 
plus a portion (somewhat less than half) of the epistatic variance. 
The results of this study agree well with the record of progress in 
breeding for resistance to Cercospora in various lines. 


From this and our previous study we have determined that 30-40% 
of the variance in leaf spot resistance is environmental, 36-47% is 
due to nonadditive genetic variance and 20-25% is due to the additive 
component of genetic variance. 


Ineffectiveness of Low Temperature Alone for Floral Induction of Sugar- 
beet Seed by R. J. Hecker and G. A. Smith 


In attempting to reduce the labor and facilities necessary for 
photothermal induction, and to shorten the life cycle of sugarbeet, 
seed was treated as for germination, except it was held in darkness 
at 5 C for up to 90 days. After this vernalization the seed was plant- 
ed into pots, and kept at 22 C under continuous light. Only one out 
of six varieties showed significant seed stalk development. This 
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variety was the only one which germinated and produced radicles during 
vernalization. Low temperature by itself apparently is not sufficient 
to induce floral development. It appears that some growth during vern- 
alization is necessary, followed by relatively cool temperature and 
long photoperiod. 


The facilities and labor required for photothermal induction of 
Sugarbeet are rather extensive. A considerable saving of resources 
could be effected if sugarbeet seed could be induced to the flowering 
stage solely by thermal treatment. Previous vernalization experiments 
by others were confined to pregerminated seed, and it was found that 
the amount of bolting (seed stalk formation) was apparently related 
to: 1) the amount of growth of the seed prior to and during the cold 
treatment; and 2) the environment following vernalization. The objec- 
tive of our experiments was to determine if sugarbeet seed could be 
induced to the reproductive stage solely by exposure to low temperature 
germination conditions. 


In two separate experiments, each replicated four times, we 
treated 800 seed of six open pollinated and hybrid varieties, ranging 
from easy to hard bolting. The treatment consisted of a 3 minute sur- 
face sterilization in a 2% solution of sodium hypochlorite followed by 
a rinse. The seed was placed on blotters over a moisture retaining 
cotton matrix in plastic germination boxes, watered with a dilute solu- 
tion of N-(ethylmercuri)-—p-toluene sulfonanilide (a fungicide), and 
stored in the dark at 5 C for 30, 45, 60, and 90 days. Vernalization 
treatments were commenced at different dates so that all seed, along 
with untreated checks of each variety, could be planted at the same time 
in pots in the greenhouse. The plants were then kept in the greenhouse 
under a 24-hour photoperiod at about 22 C. 


After 38 days of post induction growth there was 8 and 26% 
bolting of one relatively easy bolting variety, SP 5822-0, vernalized 
for 60 and 90 days, respectively. One bolting plant occurred in the 
hard bolting hybrid US H9B, which had been vernalized for 90 days. 
There was no other bolting in the two experiments. SP 5822-0 was the 
only variety which germinated and made significant growth during vern- 
alization. It had grown radicles up to 2 cm during vernalization. 


From our experiments it appears that low temperature treatment 
of sugarbeet seed is not sufficient by itself to induce bolting. 
Apparently some growth prior to or during vernalization is necessary, 
followed by relatively cool temperature and long photoperiod. 


General Combining Ability of Some Currently Used Pollinators by G. A. 
Smith 


The general combining ability (GCA) of six disease resistant polli- 
nators was determined from crosses to five female lines. An incomplete 
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crossing system analysis as outlined by Milliken et al. was used to 
arrive at GCA estimates and confidence intervals. The per se per- 
formance of these same pollinators is presented in Table 1. Only 
pollinators included in the specific GCA test have reported GCA 
estimates and confidence intervals. The five common pollinators used 
in the crosses were; (1) (SP 632028sl1 x FC 601) mm, (2) FC 506-CMS, 
mm, (3) FC(504 x 502/2)-CMS, (4) 642027s1-CMS, mm, (5) 662119s1-CMS, 
mm. Results of the GCA test are presented in Table 2. 


In comparing Table 1 with Table 2, it can be seen that per se 
performance of the pollinator was not a good indicator of GCA for 
root weight. However, per se performance for sucrose and purity com- 
pared very favorable with the actual GCA estimates for the five common 
female lines in this test. 


Table l. Per se performance of some currently used disease resistant 
pollinators grown under disease free conditions. (Experi- 
ment 7, 1972). 





Pollinator 


oe Root Sucrose Purity 
4 wt.kg a % 

variety 
FC 701/2 13.56 18.08 92.86 
FC 702/2 11.00 18.08 94.40 
FC 701/5 12.83 17.60 92.79 
FC 702/5 10077 18.13 93.88 
FC 901 {2.5/9 17.50 93.99 
FC 801 14.13 17.44 93024 
FC 703 11.89 18.26 94.23 
FC 702/4 12.26 18.33 93°85 
FC 902 11.80 17.66 93°83 
FC 903 Hess 7g T3530 
FC 904 15.20 17.74 94.31 
6322-0 12.65 17.10 93.84 
FC 504 7.94 16.51 93.00 
FC 506 S557 17.84 94.10 
GW Mono Hi A-1 16.87 18.26 93.58 
US H20 15.15 Lies 94.80 
LSD(.05) 1.75 Os03 1.29 


CV% 9.92 2,18 0.97 
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Table 2. The GCA estimates of seven disease resistant meeetincere 
Rt. 2/ Suc- Pur- Recov. 
Pollinator wt. GCA— rose Z% GCA _ity % GCA __ sugar GCA 


FC 702/2 12.67 -.656 18.59 SAT alle pedo F 270) «62.14 -.057 
FC 701/2 13.26 -.066 18.92 -608 94.79 -.467 2.24 042 


FC 901 13.68 so0G! MILI IS ee —.500,-) 9aoe Tested 2618) ~=.021 
FC 801 12.77) 932552, 9° 1.87 © —.438 "95.17 =.084) "2.05." =.151 
FC 703 P2.02) +=-.903,, 19.17 -858 95.64 23039 2.25 045 
FC 903 Lets 2.010 PEP, 89? PeFa71 95 740 -150 =2.45 -246 
(632028s1 


x FC 601) 12.93 -.391 17.78 -.530 95.73 0476 2.09 -.102 
= 691099 


aya Toes under rt.wt., sucrose %, purity %, and recoverable sugar are 
adjusted means from the crosses with 2 or more of the common female 

2/iines. 

— This column should always add to zero. Using zero as a central point 
the best combiners are those having the greatest positive value and 
rank downward to zero and finally to the negative values. 


RELATION OF SUGARBEET QUALITY CHARACTERISTICS AND 
METHODS OF SAMPLE PREPARATION AND STORAGE 


G. W. Maag and R. J. Hecker 


One of the principle objectives of a sugarbeet quality study is 
to establish a simple method or relationship by which sugarbeet quality 
can be accurately evaluated. 


This 1971 experiment was designed to test which of several quan- 
titatively determined nonsucrose components were most significantly 
related to % sucrose and purity of sugarbeet juices. Since different 
methods are used for juice preparation and storage, juice extracts 
were prepared by six methods from each brei sample and analyzed to 
check the effect of preparation on the measured components. 


Materials and Methods. Fifty-five samples, about 20 lbs of sugar- 
beets each, were harvested from different genotypes and environments to 
provide diversity among samples. Some samples were selected from dif- 
ferent nitrogen (N) treatments, some from commercial genotypes, some 
from border plantings in test fields, some from Cercospora infected 
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plants at the Disease Nursery showing varying degrees of leaf spot 
infection. Six samples were harvested from sugarbeets grown in an area 
that had been treated with the herbicide Tordon several years ago. 
These sugarbeets showed considerable residual Tordon effect; they were 
small and had a very low sucrose content as well as aberrant values for 
some of the nonsucrose determinations. Analytical data from these sam 
ples were not used in some of the statistical studies in this experi- 
ment; 49 samples are noted instead of 55 in those cases. 


Brei was prepared from each sample of sugarbeets, mixed well and 
divided. Six juice extracts were prepared as follows: 


Extract l. Equal parts of brei and boiling glass distilled water 
were blended for 5 minutes and vacuum filtered. The 
juice extracts were analyzed immediately. 

Extract 2. Prepared the same as extract 1 except 50 ppm phenyl- 
mercuric acetate (PMA) was added to the boiling 
water. 

Extract 3. Same as extract 1 except extract was: quick frozen 
and stored at -30°F for about 10 days before analysis. 

Extract 4. Same as extract 2, frozen and stored the same as 
extract 3. 

Extract 5. Brei was quick frozen in a plastic bag and stored at 
~30°F for about 2 weeks. After thawing, extract was 
prepared the same as extract 1 and analyzed immedi- 
ately. 

Extract 6. Extract was prepared the same as extract 5 except 
with PMA. 


Standard sucrose determinations were made on fresh and frozen brei 
samples. Thin juice purity of each juice extract was determined by 
standard procedure. Extract polarization and refractometer readings 
were taken and used to determine extract sucrose, RDS, and purity. In 
addition, each juice extract was analyzed for conductivity ash, total 
N, amino N, nitrate (N03), chloride (C1), sodium (Na), and potassium 
(K), and results were computed to Z% based on 100 extract sucrose. 


Results and Discussion. Sucrose in fresh brei samples ranged from 
4.9 to 17.8% (mean of 13.6%), and in frozen brei from 4.8 to 18.3% 
(mean 13.8%). A t test showed no significant difference in sucrose con- 
tent due to freezing. The very low sucrose readings were from the sam—- 
ples harvested from the Tordon affected plots mentioned above. 


Analyses of variance (AOV) were performed on the data means (55 
samples) of each juice extract for all measured components (see table 
on following page). Ail comparisons were made to fresh juice (extract 
1). 
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ne ea ete ke 
tke T.J. . Extract - % per 100 sucrose 
ve 4 ie Amino Total 


ext. 


pur. Suc. RDS Pur. Ash NO3 Cr Na K N N 


e900 PORT. 1 7218, 48 8362 WO78 -Ulekea Msel).02melc1Se>. 30+ 1.34 
290708 8275.17) 849°" °83.57 Wie8id WebQeretORb W.03.252. 066 «30,6ul<37 
3 91.20** 6.30**8.37 75.49%* 5, 30**1.71**.19% 1,14%*1. 38**, 38%*1,60%* 
4 91.37** 6.21**8,27**75,23%* 4.74 1.66**.18 1.09 1.26 .35**1.66%* 
90. 2.57219 8.42 84.35 4082 1. 53aesl7a 1.04 1:04 .31 1241* 
Gee 09 263" 7517 8.42 84.18 4.62 1.46 .17 1.09 1.28 .30 1.44** 
LSD 
(.01) 295 sol ot? 93726 932s 7-01 1020: —. 02.09 
an 4 F235 ats e2e47 Soames tome Ole 086 rel 5ue. 02°07 


**,* Significantly different from juice extract 1 (1% and 5%, respectively) 
according to LSD test. 


Most components in frozen extracts 3 and 4 showed a significant difference 
from those in extract 1, with all nonsucrose components higher in quantity 
in the two frozen extracts. As expected from this, the extract sucrose, 
RDS, and extract purity were lower, however the thin juice purities for 
the frozen extracts were higher than extract 1. The refractometer reading 
means (55 samples) for the thin juice prepared from extract 1 was 22.83 
extract 3, 22.88; and extract 4, 22.88. The polarimeter reading means for 
the same thin juices were 23.35, 24.86, and 24.67, respectively. Since 
these two readings are used to calculate the thin juice purity, it is 
apparent that the higher thin juice pol readings of extracts 3 and 4 re- 
sulted in their higher thin juice purities. Possibly there was some 
interaction between changes in the sugars, which may have occurred during 
the freezing and thawing of the extracts (due to enzymatic action), and 
during the thin juice preparation, due to the warm basic conditions used 
at that time. The thin juice prepared from extracts 5 and 6 also showed 
higher pol readings than thin juice from extracts 1 and 2, but, possibly 
because freezing the brei caused increased cell rupturing, the refracto- 
meter readings were higher also which counterbalanced the higher pol 
readings in the calculation of the thin juice purity. 


A t test, performed on the means (55 samples) from all extracts pre- 
pared without PMA compared with those prepared with PMA, showed a 
significant difference only in conductivity ash and amino N, as shown 
in the table below. 


Aen edie Extract % per 100 sucrose 
at % % he Amino Total 


pur. Suc. RDS Pur. Ash NO3 Cl Na K N N 
w/o PMA 90.51 6.89 8.42 81.15 4.972> 1256, 18 71.07. 1.208.353 1.45 


w/PMA SU es0e 0.0). 59/)) 50,99 Beisel leds be OL ei cUmaoes 1 249 
* Significantly different from juice extracts without PMA 
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Analyses of variance were performed using the means (55 samples) 
for fresh juice extracts 1 and 2, frozen extracts 3 and 4, and extracts 
5 and 6, prepared from frozen brei. An LSD test showed a significant 
difference between the frozen extract when compared to the fresh extract 
for all components (Table below). Total N was the only component that 
showed a significant difference between the extracts prepared from the 
frozen brei and the fresh extract. 


Jui Tous Extract % per 100 sucrose 
Meo %, % _ Amino Total 


ext. 


pur. Suc. RDS Pur. Ash NO; Cl Na K ON N 
Fresh 90.08 7.17 8.48 83.60 4.78 1.48 .17 1.02 1.12 .30 1.36 


ext. 


ere 91.29% 6.25* 8.32% 75.36* 5.02*1.68*.18*1.12*1.32*.37* 1.63% 
Ext.from 
frozen 89.94 7.18 8.42 84.27 4.72 1.50 .17 1.06 1.16 .30 1.42% 
brei . 


LSD(.05) SS1ED B16 GeO sete 75 o1F..9609.2014 205. wohl c0 Lee 
* Significantly different (5%) from fresh juice extract data means 
according to Duncan's multiple range test. 


A correlation coefficient study, made on all components, showed 
some correlations to be very high, such as, NO3 with conductivity ash, 
Cl with ash, Na with ash, etc. The negative correlation coefficients 
between thin juice purity and NO3, Cl, Na, and K were lower for juice 
extract 5 than for the other juice extracts. Amino N showed very low 
correlation with other components in all extracts. Extract purity for 
juice extracts 3 and 4 also showed very low correlations with all com 
ponents except for extract sucrose and total N. 


Correlation coefficients for each component for all juice extracts 
combined, shown in the accompanying table, reflect some of the high and 
low correlations mentioned above, especially the amino N and extract 
purity correlations. The nonsucrose components showed relatively high 
negative correlations with thin juice purity, extract sucrose, and 
extract RDS, but lower negative correlations with extract purity. Cor- 
relations of the nonsucrose components with one another were usually 
positive and some were very high. 
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All juice Dad hp a pw et ht /LO0KSuctose Ma? \erdowen | nao Extract 
h Amino Total Z 


extracts 


pur. Ash NO3 Cl Na K N N Suc. RDS 


%/100 sucrose 





Ash -.82 

NO3 -.79 99 

C1 -.J7 ~JGFEe.98 

Na -.78 «995429954298 

K -.71 Teh eee) eae -78 

Amino N -.27 -02 -.04 -.10 -.06 22 

Total N -.75 731826922665 -68 74 -64 

Extract 

% sucrose 273 -.87 -.84 -.83 -.85 -.74 -.26 -.83 

RDS a9 -.91 -.89 -.88 -.89 -.70 -.07 -.69 88 
% purity “By -.51 -.49 -.47 -.49 -.55 -.39 -.71 275 30 





To determine which nonsucrose component showed the highest correla- 
tion with brei sucrose and thin juice purity, a stepwise regression anal- 
ysis was performed on the means for 49 samples to fit the model 


Y= bo + b)X) + boXo - b 3X3 t+#------- 


where Y (the dependent variable) = brei % sucrose or the thin juice purity 
means, and X,, X9, X3, etc. are the independent variables or nonsucrose 
components. The stepwise regression program performs the regression by 
entering one variable at a time into the analysis. At the first step, the 
independent variable (X,) having the highest correlation with the depend- 
ent variable (Y) is used; Xj is the independent variable with second 
highest correlation to Y, holding the independent variable already in the 
analysis constant. At each step, the coefficient of determination (R2) 

is calculated to measure the amount of variation that is accounted for 

by the model at that point. 


When brei sucrose was used as Y, the nonsucrose component found to 
have the highest correlation with brei sucrose was sodium (X,). Potas- 
sium was found to have second highest correlation to brei sucrose, etc., 
as shown in the table. 


Step Independent Dependent Coefficient of 
number variable (X) order variable (Y) determination (R7) 

1 Na % sucrose of FSai1i10 

2 K Brei -90545 

3 Total N -91092 

4 Cl -91454 

5 NO3 -91888 

6 Ash -92081 

id Amino N sg2k15 


= 4 


When thin juice purity was used in the stepwise regression analysis 
as the dependent variable Y, the first independent variable entered was 
conductivity ash (X,), amino N was second (Xj), NO3 third (X3), etc., as 
shown below. 


Step Independent Dependent Coefficient of 
number variable (X) order variable (Y) determination (R%) 

1 Ash Thin juice purity pO 4 3/ 

2 Amino N -64924 

3 NO3 -66891 

4 Total N -67963 

5 K -68555 

6 C1 -68640 

7 Na 68661 


eee 


Results of this study indicated freezing juice extracts caused 
more significant changes in the components measured than when extracts 
were prepared from frozen brei. All results were compared to fresh 
juice extracts. Samples were analyzed shortly after preparation or 
soon after thawing, therefore, the use of a preservative was not a 
significant factor. A stepwise regression analysis showed sodium, 
followed by potassium, most highly correlated to brei sucrose, but con- 
ductivity ash and amino N were most highly correlated to thin juice 
purity. 


Additional purity studies are underway in our laboratory on 1972 
sugarbeet samples. Juice extracts prepared by eight methods are being 
analyzed. An additional method for sucrose determination is also being 
incorporated in the 1972 study. 
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DEVELOPMENT AND EVALUATION OF SUGARBEET BREEDING MATERIAL AND VARIETIES 
WITH RESISTANCE TO BOTH LEAF SPOT AND CURLY TOP, 1972 


G. A. Smith, E. G. Ruppel and Cooperators 


Objectives of the LSR-CTR project in 1972 were essentially the 
same as in the recent past. Field work under leaf spot conditions 
at Fort Collins in 1972 included an agronomic cooperative test of 
LSR-CTR varieties; observational tests of numerous sugar company lines; 
observational tests of Great Western growers joint committee test; 
observational tests of miscellaneous monogerm type-O lines, experi- 
mental hybrids and other material; basic genetic and inheritance 
study of resistance to leaf spot; and selection of breeding material. 
Steckling production, reproduction and hybridization were included 
in the 1972 work program. 


The leaf spot epidemic in the Fort Collins leaf spot nursery 
developed slowly due to unseasonally cool nights after inoculation. 
Leaf spot readings taken September 4, 1972 on check varieties grown 
each year indicated that a satisfactory epidemic had developed. 


Encouraging results were obtained in 1972 for lines showing 
high resistance to leaf spot at Fort Collins and to curly top at 
Logan, Utah. Twenty-six lines tested under greenhouse conditions 
at Logan had a range of 43.2% to 78.7% of US 41. These same 26 
lines had leaf spot readings of 2.0 to 3.0 on our 0-10 leaf spot 
scale. Twenty-three of the lines pedigrees traced to the cross 
632028s1 (F3) x FC 601. Seed production of these lines was pre- 
viously evaluated under Oregon conditions and found to be satis- 
factory. The results for these greenhouse curly top tested lines 
along with their corresponding field leaf spot readings are pre- 
sented in Table 1. 


Sixty-four entries having several different pollinators were 
evaluated under field curly top conditions at Logan, Utah. The 
results for the 15 phentotypically most resistant crosses are 
presented in Table 2. 
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Table 1. Early generation lines showing high resistance to curly top 
and good resistance to leaf spot, Experiment 5A, Fort Collins, 1972. 
Greenhouse tested at Logan, Utah. 


Ft.Collins1/ Logan ,Utah2/ 


Ft.Collins leaf spot curly top 


Description seed no. (9/4/72 (% of US 41) 
@ 691099-70A: [F3,032028s1 x FC 601; 
mnt. 0.5. b<) 712003s1cl 3.0 58.7 
do. 712006sl1cl 2.0 50.0 
do. 712027sl1cl a5U 65.2 
do. 712094slcl 2 45.7 
do. 712096sl1cl 3.0 54.4 
691099-70A: [F3,632028s1 x FC 601; 
mm, T.0.,S.F.] x F3,(632028s1 x 
FC 601)CMS 712001H2 aa 50.0 
do. 71200 3H2 3.0 fn 
do. 712006H2 y 47.8 
do. 712094H2 3.0 56.5 
do. 712096H2 3.0 76.1 
@ 691099-132B: [F3,632028s1 x 
FC) 60 2am eT. O25 chal 712024s1cl 3.0 707 
do. 712054s1 330 59.5 
do. 712057slcl Zod 62.2 
do. 712058sicl 3.0 43.2 
do. 712059sicl 3.0 Ae 
do. 712067slicl 3.0 56.8 
do. 712035slcel 3.0 Sat 
do 712061sicl esd 67.6 
691099-132B: [F3,632028s1 x FC 601; 
mm,T.0.,S.F.] x (F3, 632028s1 x 
FC 601)CMS 712023H2 25 46.0 
do. 712054H2 3.0 48.7 
do. 712065H2 225 7034 
do. 712069H2 ao 51.4 
do. 712061H2 Led 68.1 
® 642010s1 (622027s1) 9 x mise: 
LSR-CTR,mm,T.0. +,R&r 71203481 2.5 66.0 


67205s1;mm,T.0.+,R.R. 3611227-(001); 
631000-0 ;Acc.2643a x 672051sl1- 
CMS (B)) ;mm,R 712043H2 3.0 68.1 
F, fr. crosses between misc. LSR- 
CTR,mm,T.O.+ lines;R&r x Gen. 
CMS#1,mm,R+ 712044H2 
Acc. 2191 (SP 5481-0) 
Acc. 2703 (SP 5822-0) 
US 41 100.0 


1 

— Leaf spot ratings based on 0-10 scale with 0 = no apparent leaf spot 
sand 10 = complete defoliation. 

— Curly top percentages in relation to US 41 which is standard check in 


the C.T. nursery. Values less than 100 indicate more resistance than 
US 41. 


Ww W 
or O&O 
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Table 2. Fifteen of the most curly top resistant crosses from a group 
of 64 field tested, 1972. 


F.C.entry _C.T. (Logan) 


no. TOL 

Description Rep 1 Grade US 41 

[FC(504 x 502/2) x SP 652016s1 x SP 662048s1] 3 4.0 85.1 
x McF 413 

(FC 506 x SP 662119s1) x FC 902 5 4.0 85.1 
662048s1 x FC 901 2 4.0 85.1 
FC(603 x 506) x FC 901 23 4.0 Boe 
662119sl x FC 902 ZT 4.0 Spat 
FC 603 x FC 903 28 4.0 S521 
SP(681205HOO x 662119s1) x FC 903 29 365 74.5 
SP(681205HOO x 662119s1) x FC 904 32 333 7465 
SP(681205HOO x 662119s1) x 661161H. 36 4.0 Se 
SP(681205HOO x 662119s1) x 681004-0 46 55 74.5 
SP 642072s1 x McF 413 49 Bae 74.0 
SP 662048s1 x McF 413 50 4.0 rele tr | 
US H9B 52 375 755 
SP 662119sl x McF 413. 54 4.0 BSc 
SP(681205HOO x 662119s1) x McF 413 55 4.0 ost 





Results of the Cooperative Agronomic Test of LSR-CTR Varieties, 1972. 


The varieties described in Table 1 were evaluated by federal, 
state, and sugar company research personnel in several states in 1972. 
The entries were tested at Fort Collins under both leaf spot conditions 
and under disease free conditions. The results of these tests are 
presented in Tables 2 and 3. Results from the other tests were, in 
general, poor. These poor tests were for the most part due to bad 
weather conditions prior to harvest or at harvest. The results are 
presented from each test separately and the reader may make his own 
comparisons given the stated conditions. The following discussion 
will concern only the results of the disease and disease free tests at 
Fort Collins. In comparing the results from the disease and disease 
free tests (Tables 2 and 3), it should be recognized that part of the 
difference is due to location differences. The leaf spot field was 
located about &% mile from the disease free field. The soils were very 
similar and cultural practices were as near the same as possible. The 
leaf spot rating under the severe leaf spot conditions at Fort Collins 
averaged about 3 on the 0-10 scale. Even with this level of resis- 
tance, gross sucrose was on the average over 50% less under leaf spot 
than when grown under leaf spot free conditions. Of course, not all 
of this reduction in gross sucrose was due to leaf spot. The leaf 
spot free test was planted 3 weeks earlier than the leaf spot exposed 
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test. Leaf spot, however, was primarily responsible for an average 
reduction in sucrose % of 16%. The coefficients of variation (CV) 
for all characters were greater under leaf spot conditions than under 
leaf spot free conditions. 


Entries 2 and 4 performed best for gross sucrose under leaf spot 
conditions and entry 2 was the outstanding entry for sucrose % both 
under leaf spot and leaf spot free conditions. 


Entry 3 was tested for gross sucrose under disease free condi- 
tions. This superior performance was the result of higher tonnage 
under both leaf spot and leaf spot free conditions. Entry 2 and 3 
have the same female side but the pollinators were FC 703 and McF 413, 
respectively. (Table 1). 


Table 1. Description of material in cooperative evaluation tests of 
LSR-CTR varieties, 1972. 





Tae Seed no. Variety description SPG 
1 Acc. 2707 US H20 [SL(129 x 133) x SP 6322-0]; 99 
furnished by F & M 
2 SP 711209HO9 [FC(504 x 502/2) x SP 652016s1 x 108 

SP 662048s1] x FC 703 
3 SP 711208HO9 [FC(504 x 502/2) x SP 652016s1 x 46 
SP 662048s1] x McF 413 
4 SP 711205HO17 (FC 506 x SP 662119s1) x FC 904 53 
5 SP 711203HO17 (FC 506 x SP 662119s1) x FC 902 71 
6 SP 711205HO3 FC(504 x 502/2) x FC 904 83 
7 SP 701203HO2 FC 506 x FC 903 133 
8 SP 711208HO2 FC 506 x McF 413 70 
9 SP 711201HO3 FC(504 x 502/2) x SP 6322-0; LSR check 122 
10 Accum 27 7:2: US H9B; CTR check from J.S. McFarlane 107 
11 Local check to be furnished by cooperator 


Numbers 1 through 8 are monogerm and have some resistance to both leaf 
spot and curly top. Number 2 should have some resistance to Rhizoctonia 
because of the Rhizoctonia resistance of the male parent, FC 703. All 
hybridization was enforced by means of male sterility. 


== 2 Sims 


Table 2. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Ft. Collins, Colo. (3A), under severe leaf spot 





a re ed 

Seed no. Entry a Sucrose Lease! Purity 

or variety no. Dia Beets spot 

sucrose 
Tbs? 57% Tons ie ie e ie 
check check check 

Acc. 2707 1 3639 "4100 *14.042"4100 12596 100 510 91.70 
SP 711209HO9 2 4394 9121 "4.1 SiG) 15358 120 322 93.93 
SP 711208HO9 3 4226 4116 *25.157*108 13794 108 SS 92.32 
SP 711205HO17 4 G44n8t2) 25 3800410 (14535 Roe Sr 92.85 
SP 711203HO17 5 4003 #110 24.83 ..106 13347 104 Sie! 93.31 
SP 711205HO3 6 4225 4116 14,05 “100° 15,04 116 Sak 93.23 
SP 701203HO2 7 3406 94 12.40 step 1 Ls}, 7/8) 106 2.9 93.36 
SP 711208HO2 8 3905 3407 73.98*5100 13294 108 2.9 92.56 
SP 711201H0O3 9 3605 99 12.42 88 14.44 itt Sek 93.38 
Acc. 2771 10 3305 ol aS 7/2. 98 12.02 93 5.6 90.70 
A71-5 (check) 11 AT A223 «14583, 0106. 15.07 116 356 92.28 
General mean 3963 14.08 14.05 3.4 92.69 
CV oC.) (LIL AAAS 9.49 3E70 10.63 1.07 
LSD (.05) 540 5 5 11 0.60 5 0.42 ADS 


1/ Basis of leaf spot grades: 0-10 scale; 0 = no infection, 
10 = defoliation. 


Conducted by: G. A. Smith and E. G. Ruppel. 


Dates of Planting and Harvest: May 4 and September 25, 1972. 
Experimental Design (Including No. of Reps): Randomized complete block 


with 6 replications of 2 row plots. Plot length, 20 feet. 


Determination of Beet Yield and Sucrose Percentage: Standard Methods. 
Leaf Spot Exposure: Severe; artificially induced. 


Curly Top Exposure: None. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: Very satisfactory. 
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Table 3. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Ft. Collins, Colo. (Exp. 5) disease free. 


nnn nnn eee aa UE att gE SSS? 


Acre yield 





eae ee Seely Gross Sucrose Purity 
or variety no. Beets 
sucrose 
Lbs. to Tons te he % hb 
check check check 

ACComs LUT 1 6951 100° 20.24" VI00* F1Gt29 100 95.12 
SP 711209HO9 2 7386 106 21.08 99 #f7952 108 96.40 
SP 711208HO9 3 8102 117. 24.58 116 16.45 101 95235 
SP 711205HO17 4 7576 109 22.23 105 #17203 105 95.93 
SP 711203HO17 5 7664 P10 23:48. V109 E6955 101 95.35 
SP 711205HO3 6 7041 TOL” 20.92 98 16.84 103 95.97 
SP 701203HO2 7 7505 103 S22E57 106 9216.62 102 96.03 
SP 711208HO2 8 7460 LOZ -F22¢55 92010616253 101 95.93 
SP 711201HO3 9 6281 90. F9eLS 90 16.38 101 95.32 
ACGen 2/,/ 1 10 TJOL Ti? ge OS 111 6.35 101 95.68 
A71-5 (check) 11 8187 Ris ae OO Li See 28 106 96.53 
General mean 7446 22129 LO 5 2 95.78 
CV (4%) Tey D0 3.18 aa 
LSD ¢-05) 631 SD Sek leat james. be 4 1.46 





Conducted by: G. A. Smith. 
Dates of Planting and Harvest: April 11; October 3. 


Experimental Design (Including No. of Reps): Randomized complete block 


with 6 replications of 2 row plots. Plot length 20 feet. 
Determination of Beet Yield and Sucrose Percentage: Standard methods. 
Leaf Spot Exposure: Negligible. 

Curly Top Exposure: None. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: Very satisfactory. 
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Table 4. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Longmont, Colorado 
ER ac: Entry —— yield rt Plants 
se ; ucrose per 
or variety no an Beets 100! 
Lbs. > Tons to A % No. 
check check check 
Acc. +2707 i 3258.7 100 14.6 100 Pisze 100 99.4 
SP 711209HO9 2 3699.1 114 1427 101 12.87 7114 89.3 
SP 711208HO9* 3 4767.1 146 21.4 #147 Pts22 “100 69.1 
SP 711205HO17 4 3488.3 107 1525 106 bY 72., p100 76.67 
SP 711203HO17 5 3035.6 93 14.7 101 10.3 92 D522 
SP 711205HO3 6 316521 97 13.23 91 11.9 (106 84.9 
SP 701203HO2 7 2947.1 90 aoe 90 iL 99 87.2 
SP 711208HO2 8 3360.0 103 14.5 ao 11.6 104 79.3 
SP 711201H03 9 213551 84 LEG 80 11.6 104 Sle 
Acc. 2771 10 S660./7 fiz 16e2 LoL irae 99 89.5 
Company check LL 425728 131 L6a2 111 3 52,9118 10257 
General mean 3567.9 15:3 bisZ $5.7 
CV (%) bois 1L5¢3 6.3 
LSD (.05) 748.1 23 Sel 22 1.0 9 


* Only 35.4% of potential row length was harvestable. 


Conducted by: Great Western Sugar Company. 
Dates of Planting and Harvest: Planted 4/10/72; Harvested 9/15/72. 


Experimental Design (Including No. of Reps): 


(Triple) - 4 Row Plots - 6 Replications. 
Determination of Beet Yield and Sucrose Percentage: All beets were 


harvested in competitive stand area. 20 ft. per row, where possible. 
Considerable trimming was required in most plots. 


Leaf Spot Exposure: 
Curly Top Exposure: 


Other Diseases and Pests: 
for sugarbeet root maggot. 


Reliability of Test and Remarks: Poor Test - The plants were exposed to 
a spring frost where stand losses occurred. In most plots final stands 


were uneven and long gaps occurred. Considerable trimming was required 
to eliminate skips and non competitive beets. 


3 x 4 Rectangular Lattice 


None. 
None. 


Field was fumigated for nematodes and treated 
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Table 5. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Hereford, Texas 





eee ee Acre yield Plants Tate Curly 
or variet no clas Beets Sucrose Eke spot fp 
y i. sucrose 100' Grade 
abeS Bren ie Base k as check a 

Acc. 2/0/ 1 6318 »L007 2742 .100 112595100 167 3.5. 4.5 
SP 711209HO9 2 6062 96° F253 04" "87. 12../8- 110 169 2,8 nate 
SP 711208HO9 3 7219 SL ie =30 26" "185 11.86 102 156 25D eae 
SP 711205HOL7Y 4 6158 9498 2433 89% i12066t 109 158 2.5 4:0 
SP 74L1203HO1L?” 5 6436 102 26.5 97 2 213%" 105 165 2.8 3.0 
SP 7 TLZ05H05 96 6152 97 24:4 °90 12.54 108 152 2.851555 
SP 701203HO2 Z. 9275 mesh, 21 03 78 12.48 108 174 YAP Hepes eo 
SP 711208HO02 8 6317 e100 726.8 79 11.80. 102 156 2. « eee 
SP 711201003 9 619tle" 95°725.398 95 ier lon lus 159 2.0 ae 


ACG. "2072 10 6150 97, 2605 97 £1367 102 156 4.3 
Local Ck. 1 er TOGGPli2 > "25.7700 12.30° 106 163 33a 
Local Ck. 2 EZ 6649 105 27.9 103 PEOTC 105 Lie 4.5 
Local Ck. 3 13 5480 87 23.4 86 bLAS1L—-L02 155 4.3 

Se 


General mean 6269 2539 P23 162 
CV (4%) 23 2200 5.96 
LSD (.05) NS NS 68 6 





Conducted by: Holly Sugar Corporation. 


Dates of Planting and Harvest: Planted 3/24/72; Harvest started 11/16/72, 
Harvest completed 12/24/72. 


Experimental Design(Including No.of Reps): Randomized complete block, 


9 replications. 


Determination of Beet Yield and Sucrose Percentage: Standard methods. 


Leaf Spot Exposure: Data presented from leafspot nursery. Good disease 
exposure. 


Curly Top Exposure: Data from curly top nursery. Poor uniformity of 
disease. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: The test would be rated poor due to 


early herbicide damage and especially to the difficult harvest period. 
Freezing wet weather conditions severly hampered harvest. 
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Table 6. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Farmington, New Mexico 








ye Entry — Acre yield 3 Plants 
Z ucrose per 
Or variety no. paee sc Beets 100° 
Lbs. im Tons ze ae % No. 
check check check 
Acc. 2707 1 9517 100 32.65 100 14.70 100 109 
SP 711209HO9 2 11154 EE/ 33.61 103 16.77 114 120 
SP 711208HO9 3 8488 89 29.99 92 14.03 95 117 
SP 711205HO17 4 8765 92 29317 89 14.40 98 115 
SP 711203HO17 5 9042 95 Bul SY/ 97 13.97 95 97 
SP 711205HO3 6 11444 120 36.18 111 15.67 107 129 
SP 701203HO2 7 9425 99 31.10 95 15513: “103 107 
SP 711208HO2 8 9926 104 SUPE7 95 15.70 107 120 
SP 711201H0O3 9 9174 96 31.26 96 14.67 100 132 
Acc. 2771 10 9860 104 34.01 104 14.67 100 110 
American No. 4 Ii11 9676 102 Zhe 84 1725355819 114 
General mean 9676 31.66 E5F2 1L5 
CV (%) 20.9 Sos aon 
LSD (.05) ns ns ns 


Conducted by: E. J. Gregory. 


Dates of Planting and Harvest: Planted 4/18/72; Harvested 11/28/72. 
Experimental Design (Including No. of Reps): Randomized complete 


block with 3 replications. 


Determination of Beet Yield and Sucrose Percentage: Harvested 10 feet 
of two 20-inch rows out of the center of each 20-foot two row plots. A 


random sample weighing about 30 pounds was taken from each plot for 
sucrose determinations. 


Leaf Spot Exposure: None. 
Curly Top Exposure: None - only one or two plants in the entire trial. 


Other Diseases and Pests: Bacterial or common storage rot organisms were 
isolated from roots before sucrose analysis. Crown damage was evident 
from freezing in field. 


Reliability of Test and Remarks: Fair - trial area was quite variable 
and the number of replications too few. 
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Table 7. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Farmington, New Mexico 








Acre yield Plants 
Seed no. Entry 
ve on Gross oer s Sucrose per 
PR GIAKAEty sucrose 100' 
Lbs. he Tons ye v3 7 No. 
check check check 
Acc. 22/07 1 8439 100 28.9 100 14.4 100 100 
SP 711209HO9 2 10947 130 Ss) 109 E754 28 129 
SP 711208HO9 3 8412 100 241 9 97 15.0 104 120 
SP 711205HO17 4 9834 LVI B2./ PES Lae 105 124 
SP 711203HO17 5 12404 147 36.4 126 16.9 Las 132 
SP 711205HO3 6 9904 7. 30.2 105 Gre Lis. 120 
SP 701203HO2 7 11198 133 36.0 125 SS 108 115 
SP 711208HO2 8 11369 135 34.4 119 16.6 TS 122 
SP 711201H0O3 9 8954 106 29.3 101 5e8 105 120 
Accem2Zh/ 1 10 10670 126 35.4 2 152 O 104 130 
American No. 4 Il 10032 119 Zhe 1 94 ESeS 128 154 
sees eee res ee eer nee eee ee 
General mean 10197 28.8 16.0 124 
CV (%) Aa ey mS bsp / 
LSD (.05) 2442 29 59 20 ns 


eee 
Conducted by: E. J. Gregory. 


Dates of Planting and Harvest: Planting - April 18; Harvest - October 10 
Experimental Design (Including No. of Reps): Randomized complete block, 


3 replications. 


Determination of Beet Yield and Sucrose Percentage: Harvested 10 feet of 


two 20-inch rows out of the center of each 20 foot two row plots. @ 
random sample weighing approximately 30 pounds was taken from each plot 
for sucrose determination. 


Leaf Spot Exposure: None. 


Curly Top Exposure: None - one or two plants in the entire trial. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: Plot area was quite variable and number 


of replications were too few. A wet cold fall made harvest difficult. 
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Table 8. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 


Location: Bonanza Lease - Willcox, Arizona 








Seed no. Entry ne tel __ Curly 

or variety no. Jasons Beets pucr one Top 
sucrose 
IDS check 2928 check > ch&ck 

Acc. 2707 1 S25 7eeLo0 37.5 100 12.4 100 1.4 
SP 711209HO9 2 9898 107 3 Pee 99 ISS oeeLUs 1.9 
SP 711208HO9 3 7194 78 28.1 75 12°58" 103 LG 
SP 711205HO17 4 7001 76 27.8 74 12.6, #102 bik 
SP 711203HO17 5 9367, £102 Sled 94 1353 8107 1.4 
SP 711205HO3 6 Tike Eh. 21.8 74 LZ Com LOS Ze 
SP 701203HO2 h 8010 87 B3o8 88 i261 98 To 
SP 711208HO2 8 8725 94 34.4 92 1239/7 102 eau 
SP 711201HO3 9 9158 99 36.3 97 12602 Sa 
Bee. 2//1 10 9176 ao 42.5° 113 10.8 87 iss 
5-701H1 le 9220 100 39.¥5 106 11.6 94 is3 
Spreckels(US H9)12 9638 104 42.2¢ 110 Pind 94 126 
General mean 8646 ae 12.4 ee 
CV (4%) 6.60 raed 365 
LSD(..05 1656 18 5.5 14 ba ee 


Conducted by: Spreckels Sugar Division of Amstar Corp. 
Dates Of Planting and Harvest: April 5, 1972; November 28, 1972. 
Experimental Design(Including No.of Reps): Split-plot with varieties as 


whole plots and Thimet and no Thimet as sub-plots. 8 reps planted, but 
only 4 harvested. Sub-plot size: 1 row x 65 ft.; rows 30" apart. Thimet 
data not presented. 


Determination of Beet Yield and Sucrose Percentage: Beet yields from 


sub-plot weights. Two random sugar samples of 20-25 lbs. each per sub-plot. 


Leaf Spot Exposure: Negligible. 
Curly Top Exposure: Mild; a moderately late infection. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: Due to interruption of harvest by rain 
only 4 reps were considered valid for analyses. Consequently, experimental 
errors were high and reliability of test is only fair to good. Stands 

were excellent. 124 lbs. of nitrogen applied by 200 lbs. of 16-20-0 pre- 
plant and 200 lbs. of Urea sidedressed. One pound a.i. of Thimet pre- 
planted 5" under seed row for control of curly top on one-half of each 
whole plot per replication. Use of Thimet increased gross sucrose an 
average of 7%; curly top readings were reduced an average of 29%. Data 
analyzed as a RCB design with 24 treatments and 4 reps. Basis of CT grade 
is given in the following table: 


Severity of Symptoms 
Severe Moderate Mild 


% of Plants High 5 4 3 
Infected Medium 4 3 2 
Low 5 2: iL 
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Table 9. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 
Location: Ulysses, Kansas. 
Acre yield . Recov. 
eae a ay, Gross Sucrose Dopere ly sugar / 
or variety no. Beets index 

sucrose acre 

Lbs. Tons % check 
Acc. 2707 1 5907 27.0 10.94 1423 4643 100 
SP 711209HO9 2 5421 2003 12.19 1262 | “4397 95 
SP 711208HO9 3 SLTE Pave 11.14 1446 §=4063 88 
SP 711205HO17 4 6343 oo 10.78 1452 4967 107 
SP?7 Li2Z03H01 7,75 6645 Suet 10.88 1403 105252 113 
SP 711205H03.-:6 6812 29.0 11.78 1422 5364 116 
SP 701203HO2 7 5945 ZOc4 11636 1257 4836 104 
SP 711208HO2 8 6570 28.9 11.38 1880 379202 112 
SPe7i20)003"= 9 6912 29.3 TLh.a7z 139100 S576 120 
Acc. 2771 10 5218 25.9 10.06 1538 4010 86 
FC506 X FC901 11 6519 26.8 12.18 1239 pS 14 114 
General mean 6144.5 eis Ded 1374 4885 
CV (%) 9.8 ak 6:33 10 11 
LSD (.05) 701.8 2a 0.83 164 622 13 


Conducted by: 


Dates of Planting and Harvest: 


Experimental Design 
6 replications. 


Includin 


April 17; October 12. 


No. 


of Reps): 


American Crystal Sugar Company Research Personnel. 


Equalized random block; 


Determination of Beet Yield and Sucrose Percentage: Standard procedure. 


Leaf Spot Exposure: 


Curly Top Exposure: 


Other Diseases and Pests: 


Mild. 


None. 


Reliability of Test and Remarks: 
rainfall throughout season and early harvest account for low sucrose 
percentage. 


Negligible. 


Very satisfactory. 


Above average 
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Table 10. Cooperative Agronomic Test of LSR-CTR Varieties, 1972 


Location: East Grand Forks, Minnesota 





Acre yield Recov. 
Seed no. Entry ee Impurity 
or variety no. noes Beets See index pues 
sucrose acre 
'o 
Lbs - Tons er 

Acc. 2707 1 5927 1922 15.45 668 5333 100 
SP 711209HO9 2 4901 15.6 1o375 595 4462 84 
SP 711208HO9 3 5001 L6.7 14.96 696 4480 84 
SP 711205HO17 4 5389 16.9 15.93 a19 4921 92 
SP 711203HO17 5 5612 18.1 iol 621 5090 95 
SP 711205HO3 6 5545 ie 16.18 45 5100 96 
SP 701203HO2 7 5847 18 5 E5219 683 5249 98 
SP 711208HO2 8 5743 13é2 15276 666 5168 ae 
peers 201803" 9 5109 L673 15.67 636 4622 87 
Becs 2771 10 5998 LOT 15.41 681 5386 101 
FC506 x FC901 11 5458 16.9 16.19 574 4986 93 
General mean 5509 17.4 15.64 635.3 4984 
CV (7%) 4.8 14.2 Za50 6.8 4.7 
LSD (.05) 305 29 0.43 5073), 2i2e7 5 


Conducted by: American Crystal Sugar Company Research Personnel. 


Dates of Planting and Harvest: May 16; October 11. 


Experimental Design (Including No. of Reps): Equalized random block; 


6 replications. 


Determination of Beet Yield and Sucrose Percentage: 
Leaf Spot Exposure: None. 
Curly Top Exposure: None. 


Other Diseases and Pests: Negligible. 


Reliability of Test and Remarks: Very Satisfactory. 


Standard procedure. 
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EVALUATION OF SUGARBEET HYBRIDS 


Prepared by G. J. Hogaboam and R. C. Zielke 


The evaluation program in 1972 was again cooperative with the Farm- 
ers and Manufacturers Beet Sugar Association and its member companies. 
Additional tests in Ohio were conducted by the Northern Ohio Sugar Com- 
pany. Hybrids were also furnished the Holly Sugar Corporation for eval- 
uation. Betaseed conducted the tests for Holly at Saginaw, Michigan and 
Stanton, Minnesota. The results of these tests were reported by Holly 
Sugar Corporation and are included in this report. 


Some of the characters (items) for which we analyzed data, such as 
recoverable white sugar per acre, and recoverable white sugar per ton, 
were calculated with formulas derived by M. G. Frakes, Director of Re- 
search, Michigan Sugar Company. ‘The methods and techniques for such are 
outlined on page E2, 1970 Sugarbeet Research Report. 


In the 6x6 Latin Square Tests, and the Area Evaluation Tests, all 
individual experimental data were analyzed in indicated units and then 
the performance and LSD values were calculated as percent of the general 
mean. The analysis by area had the “location" effects removed by com- 
positing the data as percent of the general mean. Composite tests were 
made for the tests in the Ohio area, for tests in Michigan, and then all 
tests combined. The two Area Evaluation Tests are reported separately 
and combined for the two Michigan locations. Stand problems in the Ohio 
Area Evaluation Test made it unsuitable for harvest and analysis. 


One commercial hybrid for the 1972 6x6 Latin Square is entry number 
1, UI(11863x12161)xSP6322-0. This variety is very similar in breeding 
background to SL(129x133)xSP6322-0 which is US H20. The other commercial 
entry is number 2, UI(100363x2161)xSP6322-0. Entry 3, SP69550-0lx 
SP6322-0, is a high quality line which has been in the Latin Square Tests 
since 1970. Entry 4, UI(100363x2161)xSP6528-01 has a testing history 
similar to entry 3. Entries 5 and 6 are in the Latin Square Tests for 
the first time this year. 


1972 6x6 Latin Square Tests 


The quality (Recoverable white sugar per ton) of entries 3 and 6 
across all tests was outstanding. The yields of these two entries were 
disappointing, especially entry 6. The yield performance, in Michigan, 
of entries 1 and 2 was outstanding such that they also gave the most 
Sugar per acre with one exception. In Ohio, both black root and leaf 
spot had an influence on test results. 


= E362 


Combined analysis 


Since there were 4 varieties which had been included for the past 
3 years, a combined analysis of these results were made. ‘Two types of 
combinations were calculated. One used averages by area, by years, for 
varieties. This made possible examination of variety by area and variety 
by year interactions. The other type analysis was used when significant 
interactions did not exist. It involved ignoring years and (in most 
cases) areas to treat each experiment as a trial. The results were as 
follows: 


Recoverable white sugar per acre - There were no significant interactions 
or differences between varieties. 


Tons per acre of roots - Neither of the interactions were significant. 
Entry 3 was significantly lower in yield (8% less than US H20) than the 
other 3 varieties. There were no significant differences among the other 
3 varieties. 


Recoverable white sugar per ton - There was a significant variety by area 
interaction (caused by a greater difference between entry 2 and 3 in Ohio 


than in Michigan). The variety by year interaction was not significant. 
kntry 3 was significantly higher than all other varieties (7% better in 
Michigan and 9% better in Ohio than US H20). Also, entry 4 was signifi- 
cantly better than entries 1 and 2. 


Percent sucrose - No significant interactions. Entry 3 was significantly 
better than all others (6% better than US H20). Entry 4 was significantly 
better than entries 1 and 2. 


Percent clear juice purity - The variety by year interaction was not sig- 
nificant but the variety by area was. In the Ohio area, entry 3 was 
higher than all other entries while in Michigan it was not significantly 
better than entry 4. Both entries 3 and 4 were better than entries 1 and 
2 in both areas. Entry 3 was 1.16% better in Ohio and 0.584 better in 
Michigan than US H20. 


Area Evaluation Tests 


The Area Evaluation Tests contained three of the same varieties as 
the 6x6 Latin Squares. Entry 1 in the Latin Squares was entry 32 in the 
Area Evaluation. Entry 2 corresponded to entry 33 and entry 3 corres- 
ponded to entry 10. Also, entries 11 and 12 were very similar to entries 
32 and 33, respectively, since they differed only in the degree of seed 
development in the F, phase (entry 11 and entry 32) or in the pollinator 
phase (SP0822-0(P) was a subsequent increase of SP6322-0). 


Entries 11, 12, 32 and 33 did not differ significantly for any 
characters analyzed as averages for the two locations. Entry 10 was low- 
er than these 4 varieties in tons per acre, significantly equal (but low- 
er) in recoverable white sugar per acre (RWSA), better in sugar per ton 


(KRWST) and percent sucrose, equal for % purity, but much lower in stand 


of beets. 


One hybrid (entry 13) exceeded the general mean for all characters at 
all locations. Its' overall performance was similar to entries 32 and 33 
but tended to be higher in RWST, % sucrose, and ZCJP. 


Only entries 22 and 23 significantly exceeded the General Mean for 
tons per acre over both locations, but six others were more than 6% above 
the mean. Entries 3, 4, 7, and 10, all of which involve SP69550-0(1) in 
the F, phase, exceeded the mean of two locations for sugar per ton and Z% 
sucrose. Only entry 7 exceeded the mean for Z CJP. 
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1972, 6x6 LSQ tests, Data as % of Performance 
of General Mean (G.M.) 


1 


2 


Variety Code 


3 


99:2 100,39" 10855 


97.5 
98.4 


105.3 
104.5 
109.1 


106.3 


103.1 


101.4 
103.0 


102722 


108.9 
107.7 
111.5 


109.4 


106.5 


97.8 
94.8 


96.3 


96.5 
96.8 
97.6 


96.9 


96.7 


94.3 
97.3 


105.4 
105.0 
103.7 


104.7 


1OL../ 


105.6 
102.4 


104.0 


109.2 
108.7 
109.2 


109.0 


107.0 


94.7 
91.8 


93.3 


96.5 
96.2 
94.6 


Oeil 


94.7 


x, **, @, see page E7. 


99): 
103.8 


98.4 
Ded 
103.0 


100.0 


LOL 


102.9 
93.8 


98.4 


94.6 
94.4 
DOs 1 


94.7 


96.2 


105.6 
105.1 


105.3 


103.7 
104.4 
107.9 


105.3 


103.3 


@ 

4 5 6 
96.0 95.0 100.8 
50, be iid sie lode 
92.8 102.6 105.2 

106.4 BEOIE oI 8320 
1013 besa 93.9 
102.7 MP ORG BHT 
10353 Ge eo 
6079-89719 97.2 
100.1 95.6 94.4 
94.4 106.7 99.7 
O75 101ne 9 70 
106.3. 92.6 88.3 
103.7. 96.8 88.6 
105, SiO Gales Biles 
10598" 94.5. 87.1 
10220 ee ae 
9601 MMOG. 7) 10721 
94.6 103.5 110.2 
95.3 101.1 ; 108.6 
99.8 98.4 105.4 
97.2 99.6 ° 105.8 
over. WOR 5ye102,3 
98.0 98.8 105.2 
97.0 99.7 106.5 


LSD 
5% 
on % 
G.M. 


NS 
T3.6s 


NS 


7.6 
NS 
9.2 


4.9 


NS 


wo nnn 
e s e es 
mo HO 


an 
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No DHRU nN 
py Sy emp (oo) je iien) 


Actual Cie 
G.M. 


6595 lbs 7.90 
5172 lbs 11.39 


100 % 6.88 


8767 lbs 4.17 
5767 lbs 8.15 
5900 lbs 7.65 


100 % 2.68 


100 % 6.75 


30.8 tons 6.04 
24.2 tons 10.42 


100 % Seed 


31.9 tons 3.79 
23.6 tons 6.19 
24.3 tons 6.17 


100 % Leo 


100 % 5.12 


214.2 10s 4,95 
Zee LDS ees LL 
100 % ned 
21 oe De es 2 
245-0) 1bs 3.7/0 
243.4 lbs 5.52 
100 % 1.39 
100 % 2.03 
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1972, 6x6 LSQ tests, Data as % of Performance 
of General Mean (G.M.) 
Item Loca- Variety code® LSD Actual C.V.% 
tion by 74 G.M. 
Code** on % 
: 2 3 4 5 6h 
Gr eu ees 987°3° (962310402) “S6tee ooBOloDSeee watt 2ac47 3rh4 
Krose "4 96:1." 93.1" 10328 “96:0%202%8 T1081 5.1" 12.94 4.23 
cae 97.2 94.7 104.0 96.3 100.9 106.9 4.8  100(%) 1.88 
5% 97,5 97:0 10354 9973 %S9°0° 103¢7° 4.1 *16.52 2.24 
6 96.9 96.5 10493 97:7> 9998 inate: $:9%%14.64 3.07 
7 98:3 9670. 106.1 97%5° S8:7> 103¢4" —Si5-"14.75 4.55 
Roe 97.6 96.6 104.6 98.2 99.2 103.8 1.7  100(%) 0.92 
hoe 97.4 95.8 104.4 97.4 99.9 105.1 2.1 100(%) 1.59 
ety nals 99.8 99.3 100.6 99.8 99.9 100.6 NS 91.93 0.84 
purity 4 99.4 99.5 100.6 99.4 100.3 100.8 0.9 93.83 0.70 
aa 99.6 99.4 100.6 99.6 100.1 100.7 0.7 100(%) 0.26 
5% 99.5 99.7 100.1 100.3 99.7 100.8 NS 93.77 0.70 
6 100.0 99.7 99.9 99.8 99.9 100.6 NS 94.30 0.60 
7 99.7. 99.4 100.7 99.9 100.0 100.3 NS 93.52 0.87 
Koes 99.7 99.6 100.2 100.0 99.8 100.6 0.5 100(%) 0.29 
hee 99.7 99.5 100.4 99.8 99.9 100.6 0.4 100(%) 0.29 
Beets 3 110.8 103.8 104.8 94.6 91.7 94.3 8.8 76.4 beets 7232 
per 114.5 107.6 88.7 90.0 95.5 103.7 9.3 83.5 beetsuyaeg 
100 hi 
a Aas 112.7 105.7 96.7 92.3 93.6 99.0 NS 100(%) 6.42 
et 5* 104.6 106.4 98.1 114.9 88.7 87.3 15.1 101.3 beets 8.31 
6 114.9 111.5 96.6 102.3 89.4 85.3 8.6 78.7 beets Jala 
7 116.6 115.6 106.1 95.0 87.8 78.8 7.8 80.2 beets 6.46 
Mich 
me 112.0 111.2° 100.3 104.1 88.6 83-8 11-8 100(7) aaeeme 
Grand 
ie 112.3 1090 98.9 99.4 ‘oq<6" . 89-8 10-0 100(%) 7.59 


————e eee 
*, **, G, see page E7. 
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Footnotes and notes concerning the 1972 6x6 Latin Square Tests 


@ Variety Code 


Entry No. Seed No. 
a UI(1861 x 2161) x SP6322-0 
2 UI(100363 x 2161) x SP6322-0 
3 SP69550-01 x SP6322-0 
4 U1I(100363 x 2161) x SP6528-01 
5 SP(6426-01 x 67550-0) x SP6822-0 
6 SP(69557-01 x 69550-0) x SP6922-0 


** Location Code 

3 - James Schroeder, Ottawa, Ohio 
- Ray Cunningham, Old Fort, Ohio 
Walter Frahm, Frankenmuth, Michigan 
- Dale Smith, Alma, Michigan 


Saginaw Valley Bean-Beet Research Farm, Saginaw, Michigan 


4 
5 
6 
i 


* Only 3 replications were harvested at the Frahm farm, hence it was 
analyzed as a randomized complete block. 


The 6x6 Latin Square Tests are based on data from 4—-row plots 
30 feet long except for 33 foot plots for Experiment 7. The data from 
each test were analyzed on an actual basis then converted to percent of 
the General Mean for summary purposes. Summary data is calculated from 
the percentage performance data. This technique gives each test an 
equal value in a combined analysis. ‘Thus test (location) effects are 
zero, but the values of the interactions involving tests are still pres- 
ent and valid. This is especially helpful when years are involved since 
the effect of years per.se. are removed, but not the interactions in- 
volving years. 
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AREA EVALUATION TESTS” ~ 1972 


# Rec. White Su./A. Tons Roots per Acre 





ENTRY HYBRID Loc.1 Loc.2 Mean  tLoc.1 Loc.2 Mean 
No. CMS mise Pollen PERFORMANCE IN PERCENT OF THE TEST MEAN 
1 SP6842-01 SP69550-0 SP6922-0 OT a Eo ode Ost, 96.3 padSe0 on9468 
2 SP67553-l1pk. SP6322-0 88.0—- 84.3- 86.2—- 87.6- 82.7- 85.1- 
3. SP69523-01 SP69550-0 SP6922-0 99.9 91..Se-95<38 91.4- 89.5 90.4 
4 SP69542-01 SP69550-0 SP6922-0 96.8 83.5- 90.2 92.9 78.4- 85.7- 
5 SP67550-01 SP68745.A SP6922-0 97.0, 10053,-4.98.7 97.0 100.1 98.6 
6  SP68641-1 SP6822-0(B) 93.0649 7592"-95<5 D5 p05.) "ano 
7 ~=SP69550-01 SP6934-0 gy 97.4 Seu 96.6 89.5- 86.9- 88.2- 
8 SP67550-01 SP6822-0(NB) 96.5 103.6 100.0 93.6 100.9 97.3 
9 U1100363 SP6423-0 SP6822-0(P) 101.6 110.4 106.0 104.6 109.4 107.0 

10 S$P69550-01 SP6322-0 100.8 97.6 gO C2 eos 92.9 94.2 


11 UI11866 UI12166 SP6822-0(P) 106.9 108.2 107.6 107.3 110.7 109.0 
12 1100363 UI12163 SP6822-0(P) 100.7 113.34 107.0 102.7 111.9+ 107.3 








13. U1I100363 UI12163 70P21 2095247209 52540922. 7 107.3. 105.1 10652 
14 1100363 UI12163 70P23 103.1 100.0 101.6 106.5 99.6 103.1 
15 _U111866 UI12166  70P21 106.4 102.6 104.5 103.9 103.9 103.9 
16 UI11866 UI12166 70P23 103.6 92.4 98.0 101.6 87.8 94.7 
17. ~=U112166 SP6322-0 98.4 97.1 97.8 97.4 101.3 99.4 
18  U1I12166 SP6822-0(P) 101.7 99.0 100.3 102.7 98.8 100.8 
19 UI102167 SP6322-0 397 Be 95.8 87-820 100.7 93.7 96.9 
20 UI102167E SP6822-0(P) 102.2 108.8 105.5 102.0 109.4 105.7 
21  _U1104367 SP6322-0 $9.052-98.27-98 .6----102s/-—-102.6—102.7 
22 UI104366B SP6822-0(P) 107.9 108.6 108.3 108.4+ 112.8+ 110.6+ 
23 UI100363 SP6822-O(P) 102.1 115.44 108.7 105.0 117.4+ 111 2+ 
24 _FC506 SP6822-0(P) $7..9=.-94.3—. 90.9 8/7.6=- 92.8 -90.2- 
25 SP7042-01 SP6822-0(P) of 8102 4 8 -93330 497.77 103.5 (100.5 “102.0 
26 =EL36c2 SP6822-0(P) 7 ou. © 90,02. 96.872, 104,2° 10571" 104.7 
27 _—((69B5x02) SP6822-0(P) 95.2:2°101.4¢-98.3 96.7 100.5 98.6 


28 SP69550-01 UI2161 SP6822-0(P) 99.5 103.4 101.5 97.24 100.5 °_ 99.0 
29 SP6926-01 UI2161 SP6822-O(P) 108.1 101.3 104.7 108.8+ 100.9 104.9 








30 SP69550-01 EL36 SP6822-0(P) 96.8 100.7 98.7 96.3 103.5 99.9 
31 SP6926-01 EL36 SP6822-0(P) 97.3 100.6 99.0 104.2 109.4 106.8 
32 UI1861 UI2161 §P6322-0 104.6 100.2 102.4 102.7 99.2 101.0 
33  U1100363 UI2161 $P6322-0 102.7 115.9+ 109.3 104.6 112.4+ 108.5 
34 SP6926-0 70P21 99.7 87.4- 93.6 100.1 87.3- 93.7 
35 SP6926-0 70P23 97.6, ) S8.Je 1932 99.3 90.3 94.8 
36 U1I100363 SP6721-0 SP6822-0(P) 101.2 107.6 104.4 103.1 105.1 104.1 

LSD 5% (for above data units) Spe 27e 10. Ser 10.9 9.6 

General Mean (actual) 7326# 5580# 100% 26.4T 23.6T 100% 

Coefficient of Variation (%) 7.50 10.74 4.96 Tele 9 55924574 


@ Location 1 - Hayward Farm, Bay City, Michigan. 
Location 2 - Bean and Beet Research Farm, Saginaw, Michigan. 
Field plot design: Both locations were analyzed as randomized complete block 
experiments with six replications. 
Plot size: 2 rows x 30 feet long (Loc.1); 2 rows x 33 feet long (Loc.2). 


* Selected for bolting resistance (NB). 
+ Significantly above the General Mean 
- Significantly below the General Mean 
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AREA EVALUATION TESTS® = 9/25) cont.) 


# White Su./Ton Percent Sucrose _ C. J. Purity (%) Beet Stand/1lvu0ft. 

ENTRY Loc.1 Loc.2 Mean Loc.1 Loc.2 Mean Loc.l1 Loc.2 Mean Loc.1l Loc.2 Mean 
No. PERFORMANCE IN PERCENT OF THE TEST MEAN x ae 
1 101.4 102.2 101.8 101.9 102.7 102.3 99.7 99.7 99.7 91.6 93.4 92.4 


2 100.6 102.0 101.3 100.7 102.1 101.4 99.9 99.9 99.9 94.3 75.0- &4.6- 
ea be 109.0+ 102.5 105.7+ 107.4+ 102.5 104.94 100.7 99.9 100.3 93.9 91.1 59268 
4 104.0 105.6 104.8+ 103.7 104.7 104.2+ 100.0 100.3 100.2. 94.8  78.2- 86.5 
5 100.0 100.2 100.1 99.8 99.5 99.6 100.1 100.4 100.3 101.3 94.5 97.9 
6 97.5 _.94.6 96.0 .98.45 596:3. 509924 a 9G. oreo.) «99-4 ak 90.3 90.8 
7 
8 


108.7+ 109.9+ 109.3+ 107.0+ 107.1+ 107.0+ 100.7 101.34 101.04 101.35 2392577 eodam 
102.9 102.3 102.6 102.5 100.9 101.7 100.2 100.8 100.5  87.5- 96.2 §9loe 


9 26.7 100.7 98.7 _97.2 100.2 _98.7__99.8 100.2. 100.0 103.6 112.9 108.3 
10 105.3+ 105.1 105.2+ 104.6+ 104.1 104.44 100.3 100.4 100.4 94.3 90.7 92.5 
11 99.4 97.8 98.6 99.1 97.5 .98.3 100.2. 100.2 100.2) 110.4..118.0F 21naeee 
12 98-0 100.9 99.5. 99.0 101.2. 100,1% 99.5. 99.8 ..99.7. 102. 3-n11300;0n Ee 
13 101.9 103.6 102.7 101.6 102.7 102.2 100.1 100.4 100.3 108.3 107.7 108.0 
14 96.9 100.1 98.5 97.9 100.7 99.3 99.5 99.7 99.6 95.6 8%.9 92.2 
15 102.3 __98.8 100.5 102.1 98.9 100.5 100.0 100.0 100.0 99.9 97.6 98.7 
16 101.9 104.8 103.3 101.4 103.8 102.6 100.2 100.5 100.4 97.2 86.7- 91.9 
17 100.9 95.8 98.3 100.4 97.0 98.7 100.2 99.5 99.8 91.2 91.4 91.3 
18 28.9 99.9 99.4 99.2 100.2. 99.7 ~.99.8.. 99.8 99.8 103.3,:10307mOaae 
19 99-6 102.2 100.9 99.5 101.1 100.3 101.1 100.6 100.4. 99.3. 94.5 96.9 
20 100.2 99.2 99.7 100.4 99.1 99.7 99.9 100.1 100.0 100.6 115.6+ 108.1 
21 26.6 95-5 96.1 96.6 96.2 _96.4- 100.0 99.8 99.9 97.5 102.3 99.9 
22 99.4 96.1 97.7" 98.8" 96.6 .97:7 5100.45,,.99.8 100-1 107.47, 11 bei Oo ae 
23 96.9 98.2 97.6 97.4 98.2 97.8 99.7 100.0 99.9 104.7 116.6+ 110.6 
24 99-8 101.7 100.8 100.1 101.1 100.6 99.9 100.3 100.1 98.2 105.7 102.0 
25 98.8 92.3- 95.6- 100.0 95.8 97.9 99.3  98.2- 98.8- 101.3 98.2 99.7 
26 93.3- 91.1- 92.2- 95.3- 94.2- 94.8- 99.0- 98.4- 98.7- 97.5 104.0 100.8 
27 38.5 100.7 99.6 98.4 100.6 99.5 100.1 100.1 100.1 98.6 106.7 102.6 
28 102.3 102.5 102.4 101.7 101.3 101.5 100.3 100.6 100.5 101.6 107.7 104.7 
29 99-3 100.7 100.0. 98.7 99.5 99.1 100.4 100.6 100.5 107.7 108.1 107.9 
30 100.5 __97.4 99.0 _ 100.7 97.6 99.1 99.9. 100.0 100.0 104.7. 107.7 =,00em 
31 93.3- 91.6- 92.5- 94.3-  92.1- 93.2 99.6 100.0 99.8 104.7 113.24 108.9 
32 101.5 101.1 101.3 100.9 101.2 101.1 100.3 99.9 100.1 105.6 104.4 105.0 
33____98.3 103.2 100.7 _98.8 102.9 100.8 99.7 100.1 99.9 102.6 111.9 107.2 
34 99-6 99:7 99.6 99.0 “101.3, 100.27 100:3)51.99.1 99.7 105.6 378 oe 
35 98.3 98.0 98.1 98.0 98.0 98.0 100.2. 100.1 100.1 "95.9 ,.81.2005nmen 
36 _____97.9 101.9 99.9 97.7 101.3 99.5 »100.2..100.3., 100.3, 104.7 410.1 107 
LSD Jel 567 4.1 80 88 208 = 1-0 Oc ele 
GM 278.1# 237.0# 100% 16.34% 14.48% 100% 94.92% 93.20% 100% 85bts 79bts 100% 


CV ge 4 SL 5045 51.992 3.47 shel] ee DOT 0 66a eae 10.09 ..11.55 eee 
—__4-17_ 1.57 0.66 _ _0.86 0.33 (10.09 11.55 6.66 


See preceeding page for footnotes 
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1972 NORTHERN OHIO SUGAR COMPANY, USDA VARIETY TEST, 2 LOCATIONS 


4 x 4 simple lattice - four repl. - 2 rows x 15 feet harvested 


Pounds Reco 


verable 


Sugar per Acre 


Percent of 


Tons Beets/Acre 
Percent of 


Percent Sucrose 


Percent of 











Test Mean Actual Test Mean Actual Test Mean Actual 
HYBRID Pres Old _Mean rre= Old Mean REe= Old Mean 
CMS or Pollen mont Fort mont Fort mont Fort 
SP7042-01 SP6822-0 105.4 103.8 4369.4 109.7 109.2 18.8 97.1 98.3 13.8 
EL36 SP6822-0 95a: 92.9 3924.8 97.6 101.9 Aiea: 97.1 91.6 Sia 
SP69550-01 SP6322-0 96.8 96.9 4047.9 94.8 94.9 Hoe3.)  hOW,2 1OZeS 4.3 
§P69550-01 UI2161 SP6822-0 89.3 107.4 4135.6 88.9 105.4 16.8 100.2 101.8 14.2 
SP6926-01 UI2161 _ SP6822-0 101.3 85.0 3870.7 1073 8/55 Lbe7 94.4 SSeS .0 
SP69550-01 EL36 SP6822-0 92.9 107.9 4216.0 94.9 108.6 7.5 98.2 98.2 1338 
SP6926-01 EL36 SP6822-0 95.2 91.0 3885.0 103.6 98.3 Li 94.2 93.0 alse 
SP69B5x02 SP6822-0 102.9 94.6 4115.0 105.2 99.2 17.6 98.4 95.4 13.6 
SP69557-01  SP69550-0 SP6922-0 107.6 98.8 4300.0 102.2 91.4 16.6 104.9 105.6 14.8 
SP6842-01 SP67550-0 SP6922-0 107.6 101.0 4349.0 104.2 100.7 17.6 103.1 100.6 14.3 
SP69542-01 SP69550-0 SP6922~0 98.2 LO8s2 ww4525%2 9451. 10492 a7 oa 104.5 103.1 14.6 
SP6926-01 SP67550-O SP6822-0(B) 98.2 97.1 4079.5 98.8 94.4 16.6 99.4 TOTS) 14.2 
SP69550-01 SP69 34-0 90.7 101.6 4031.9 85.5 05 sab .6 104.2 105.2 14.7 
SP69550-01 4n Multigerm 116.1 106.1 4627.5 an5 101.6 TS oO Lg 103s. 14.4 
SP67550-01 SP6822-OBR 102.8 107.7. 4405.1 101.6 106.8 17.9 101.1 101.9 14.3 
LSD 5% (for above data units) NS NS NS 15 o7) NS NS 4.6 3.5 0.42 
Test Means (Actual) 3910.0 4447.6 4178.8 16.6 17.8 17 52 1325 14.4 L4aeL 
Check Variety (Actual) 3598.6 4266.6 3932.6 15.8 fo ee LO. 7 nc ee: 13.8 
Coefficient of Variation % 11.4 14.0 27. 11.0 AOL M12. 5 3.6 Zoos 2.9 
Percent of Area 
Percent Purity Harvested 
Percent of Percent of Actual 
Test Mean aonb Test Mean eee. Leaf Spot Honk 
HYBRID Fre- Old Fre- Old —— # £Fre- Old —_—— 
CMS "0" Polien mont Fort mont Fort mont Fort 
SP7042-01 SP6822-0 99.3 98.9 92.5 95.8 99.2 765 STH, 3.8 3.4 
EL36 SP6822-0 99.8 99.4 92.9 Oo] oa Si, BOL.o tes Sno ae 
sPp69550-01 SP6322-0 100.2 99.9 93.4 100.0 98.3 99.2 15 2 aS 2.0 
SP69550-01 UI2161 SP6822-0 100.1 100.2 93.5 93.3 99.2 96.3 Zao 2 oD 25 
SP6926-01 U12161 SP6822-0 100.1 99.8 93.3 93.3 96.7 95.0 2.8 3.8 3.3 
SP69550-01 EL36 SP6822-0 99.9 100.4 93.5 83.3 95.8 89.6 1.8 Bo5 2.6 
SP6926-01 EL36 SP6822-0 99.3 99.7 92.8 95.0 10070) ©9725 ne 3.5 2.6 
SP69B5x02 SP6822-0 100.1 100.3 93.5 98.3. 100.0 99.2 255 4.3 3.4 
SP69557-O1  SP69550-0 SP6922-0 100.2 100.9 93.8 98.3 100.0 99.2 eS 1.8 eo 
SP6842-01 SP67550-0 SP6922-0 100.1 99.4 93.1 87.5 Siena L167 6) ies 23 do 
SP69542-01 SP69550-0 SP6922-0 100.0 99.9 93.3 73.37) 10030) 986.7 De 2.0 136 
SP6926-01 SP67550-0 SP6822-0(B) 100.3 100.2 93.6 95.0 99 i265 BO7.L 15 Zee 2.0 
SP69550-01 SP69 34-0 100.2 100.6 LEGI/ 100.0 100.0 100.0 1.0 ie ed: 
SP69550-01 4n Multigerm 100.5 100.8 93.9 50.0 84.2 67.1 130 0 0 
§P67550-01 SP6822-OBR 99.8 99.6 o5a. 86.7 100.0 93.3 is Bes 233 
LSD 5% (for above data units) NS 0.9 0.6 
Test Means (Actual) 92.9 93.7 93.3 89.8 96.5 93.2 iy 200 2ee 
Check Variety (Actual) 92.2 93.8 93.0 
Coefficient of Variation % 0.6 0.6 0.6 
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Screening Breeding Lines for Disease Resistance, East Lansing, 1972 


C. L. Schneider and G. J. Hogaboam 


1. Black root disease ~- In a series of 18 screening tests conducted in 
the greenhouse, 187 breeding lines were screened for resistance to the 
beet water mold, Aphanomyces cochlioides. Dried oospore-vermiculite in- 
oculum was applied to each pot at time of seeding. Inoculum was prepared 
as follows: mycelial mats, produced in .5% oatmeal broth, adjusted at 

pH 6.5, were homogenized with water in a blender. After spore density 
had been determined with a Howard spore counting chamber, the desired 
spore concentration was obtained by diluting with an appropriate amount 
of water. The resultant spore suspension (1 part) was mixed with vermic- 
ulite (2.5 parts) V:V, then spread out in paper-lined trays to thor- 
oughly dry. Oospore dosage/pot ranged from 14.4-52.5x103 spores, with 
the number varying with replicate block and experiment. Subsequent tests 
have indicated, however, that 10x103 spores/4-in. pot are adequate. Each 
test of 12 entries included commercial variety US H20 as a standard for 
comparison and five replicated pots of each entry. Within 6 weeks after 
planting, plants were numerically rated according to disease severity 
from 0 (no symptoms)to 5 (dead) and average ratings were.computed. The 
average disease rating of US H20 in all tests ranged from 2.70 - 4.78. 
the percentage of entries with ratings significantly lower (more resis- 
tant) than US H20 = 9.6% and those significantly higher (more suscepti- 
ble) = 3.8%. The remainder were rated equal in resistance to US H20, a 
relatively resistant variety. 


2. Rhizoctonia root rot - Entries were tested for resistance in field 
pilots artificially inoculated with Rhizoctonia solani. There were 4 ex- 
periments, each comprising 33 entries and 3 check varieties; (1861x2161) 
x6322-0, (100363x2161)x6322-0, and SP69550-01x6322-0. In each experi- 
ment were 3 single-row plots, 20 ft long of each entry. In addition, 22 
lines derived from crosses with Rhizoctonia-resistant lines were grown 

in special plots for observation and selection. Throughout the nursery 
were special observational plots of varieties 5831-0 (Rhizoctonia-resis- 
tant selection from a black root resistant line), SP6822-0 (highly sus- 
ceptible to Rhizoctonia) and FC701/5 (resistant to Rhizoctonia). Short- 
ly after blocking, all plots were infested with dried barley grain inocu- 
lum applied mechanically about 4 in. to the side of each plant row at the 
rate of 3 ml/ft of row. Since incidence of root rot appeared to be low 
approximately one month after the side dress inoculation, - probably be- 
cause of the drought conditions that then prevailed, - crown inoculations 
were made at the rate of 5 ml/ft of row on 19 July in some blocks and on 
14 August in others. Crown rot symptoms developed shortly thereafter 
with fairly high incidence. On 2 October all plots were evaluated ac- 
cording to incidence and severity of above-ground symptoms. A numerical 
disease rating for each plot was computed according to the formula: 


-5x(no plants diseased)+1.0x(no plants dead since post-blocking count )x100 


post-blocking stand 


~ El7, ~ 


Disease ratings ranged from 90.3 for the most susceptible entry to 8.3 
for the most resistant. The average combined ratings of the 3 check 
varieties in Experiments 1, 2, 3 and 4 equaled 58.7, 44.3, 60.3 and 67.9, 
respectively. Differences in reaction to R. solani infection among the 
3 varieties in the observational check plots were striking (Fig. 1). 

The number of entries in each experiment with disease ratings signifi- 
cantly lower than the combined average of the 3 check varieties were as 
follows: Experiment 1 (mm lines from Beltsville) = 3; Experiment 2 
(East Lansing MM lines) = 2; Experiment 3 (East Lansing MM and mm lines) 
= 6; Experiment 4 (progeny of selections for Rhizoctonia resistance at 
East Lansing and Fort Collins) = 17. Among the 19 entries in the selec- 
tion plots comprising the progeny of black root and Rhizoctonia-resis- 
tant 5831-O0x0-type mm lines, 9 had ratings significantly lower (more re- 
sistant) than the 3-check average. The average rating of 64 plots of Fo 
progeny of the cross, FC702/2x6822-0 equaled 32.9, compared with that of 
nearby plots of 6822-0 which equaled 60.0. Selections for Rhizoctonia 
resistance were made among entries with disease ratings significantly 
lower than the 3-check average. 


3. Cercospora leaf spot - In the Cercospora leaf spot disease nursery 
were 7 experiments each comprising 33 entries replicated 3 times in 
single-row plots 20 ft long. Each experiment included the 3 check vari- 
eties (1861x2161)x6322-0, (100363x2161)x6322-0 and SP69550-01x6322-0 as 
standards for comparison. Inoculum, consisting of dried and ground 
sugarbeet leaves infested with Cercospora beticola, was applied with a 
knapsack crop duster on 26 June, at the rate of 49 liters/acre. Disease 
symptoms were apparent by 11 July. Disease severity ratings, based on a 
numerical index from 0 (no symptoms) to 9 (complete defoliation) were 
made on a plot basis on 25 August and 6 September. The number of entries 
in each experiment rated more resistent than the average of check vari- 
eties (1861x2161)x6322-0 and (100363x2161)x6322-0 were as follows: Ex- 
periment 1 (Beltsville MM lines) = 31; Experiment 2 (Beltsville mm lines) 
= 28; Experiment 3 (East Lansing MM lines) = 28; Experiment 4 (East Lan- 
sing mm lines) = 29; Experiment 5 (Rhizoctonia-resistant lines from East 
Lansing and Fort Collins) = 11; Experiment 6 (East Lansing experimental 
hybrids) = 5; Experiment 7 (East Lansing experimental hybrids) = 4. 

In each experiment, check variety SP69550-01x6322-0 received a rating 
significantly lower (more resistant) than the average of the other 2 
check varieties. Plants were selected for leaf spot resistance from 
among the entries with average ratings significantly better than that of 
the 3 check varieties. 
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Fig. 1. Roots harvested from an observational check plot in East 
Lansing Rhizoctonia hursery. Sugarbeet lines in rows from top to bottom: 
Rows 1-2: FC701/5 - a Rhizoctonia-resistant line developed at Fort Col- 
lins; Rows 3-4: 6822-0 - a variety with no history of selection for 
Rhizoctonia resistance; Rows 5-6: 691006-0, derived from Rhizoctonia- 
resistant selections from black root and leaf spot-resistant line 5831-0 
at Fort Collins. 
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SUGARBEET DISEASE INVESTIGATIONS AT EAST LANSING IN 1972 


C. L. Schneider 


1. Blackroot disease (Aphanomyces cochlioides)- 


Soil treatments - In a field plot naturally infested with the beet 
water mold, A. cochlioides, the following materials were applied in 

a 4-in. band along the drill row before planting and incorperated into 
the soil at a depth of about 2-in. at indicated lb/A:dried and ground 
cabbage, 165, 330 and 660 1b; sodium-p-(dimethylamino)benzenediazo- 
sulfonate 35W, 2.8 lb; gypsum, 325 and 650 lb; limestone, 650 1b; tri 
basic copper sulfate 53W, 3.5 and 14.0 lb. Under relatively severe 
incidence of seedling blight, no significant differences in stand be- 
tween controls and any of the above treatments were noted. 


Production of oospores - In vitro production of oospores in a chemi- 
cally defined medium was demonstrated. The synthetic medium of Yang 
and Schoulties (Mycopath. et Mycol. Applicata 46: 5-15, 1972) was em- 
ployed. With this medium, oospore production was accelerated and en- 
hanced by replacing the nutrient medium with a non-nutrient medium 
after 4 days growth of the cultures. Well water proved to be a more 
effective replacement substrate than salt solutions, tap water or 
distilled water. 


Longevity of oospores — Evidence was obtained that A. cochlioides can 
retain viability for relatively long periods at a range of tempera- 
tures. Dry vermiculite cultures, rich in oospores, were highly in- 
fective in pots of sugarbeet seedlings after they had been stored at 
one of the following temperatures: -9, 4 and 25° C, for a period of 
18 months. 


Inoculation of field plots with oospores - Varying concentrations of 


oospores in dry vermiculite were applied in the drill row immediately 
before planting. The losses in seedling stands from 27 June until 

17 July associated with each dosage of oospores (no. of oospores/ft 

of row) were as follows: O spores (control) = -52; 36x103 spores = 
-9.8%; 81x103 spores = -9.3%; 136x103 spores = -11.5%. The relatively 
small differences in seedling loss associated with the different treat- 
ments indicate that inoculum dosages may not have been high enough or 
environmental conditions during the extremely dry period that prevailed 
shortly after inoculation were not conducive to infection. 


2. Rhizoctonia root rot (Rhizoctonia solani). 


Pathogenicity of isolates - Studies were continued to determine the 
existence of pathogenic strains of Rhizoctonia solani attacking sugar- 
beet. Among 45 cultures previously isolated from rotted roots of com- 
mercial variety US H20, no pathogenic strains capable of overcoming 


Ce 
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the resistance of cultivars FC701 and FC702 were noted. Currently, 
the pathogenic capabilities of cultures isolated from roots of re- 
sistant cultivar FC/01 are being investigated in tests on sugarbeets 
and on other crops commonly grown in the North Central area. 


Methods of inoculation - The efficacy of various types of Rhizoctonia 
inoculum and methods of placement in field plots were compared. Dried 
barley grain inoculum applied in crowns (2.5 ml/ft of row) immediately 
after blocking was superior to other inoculation methods in initiating 
infection to screen Rhizoctonia-resistant and susceptible sugarbeet 
types. Other methods tested, in order of efficacy, included barley 
grain inoculum applied in crowns one month after block; and barley 
grain inoculum side dressed immediately after blocking (5 ml/ft of 
row). Dried vermiculite cultures side dressed or applied in the 
crowns were ineffective. The exceptionally dry soil conditions that 
prevailed during early summer may have reduced the effectiveness of 
the side dress applications inasmuch as a higher degree of infectivity 
has been obtained with this method of inoculation under more favorable 
conditions. 


Fungicide test - The efficacy of chemical sprays applied in the crowns 
to control Rhizoctonia root rot was studied in field plots artificially 
infested with the fungus. It is believed that the drought conditions 
prevailing immediately after application of the ground barley inoculum 
in the soil adjacent to the plant rows caused resulting disease inci- 
dence to be relatively light. Each of the chemical spray treatments 
were applied three times at 21-day intervals commencing 6 June. In 
October, the average root rot rating of each 20 ft plot, based on a 
numerical index ranging from 0(no symptoms) to 4(dead) was computed. 
Root rot ratings of each treatment at indicated dosages (aia) ex- 
pressed as means of 4 replicate plots were as follows: benomyl, 4 oz 
= ./7; benomyl 6 oz = .5; chloroneb, 2 1b = .4; chlorothalonil, 1.5 1b 
= .1; carboxin, 1.5 lb = .4; carboxin, 12 oz + thiram, 12 oz = .3; 
hexachlorophene, .75 fl oz = .4; hexachlorophene, 1.5 fl oz = .7; 
PCNB, 2 1b = 1.0; triphenyltin hydroxide, 4.75 oz = .5; untreated 
control = .9. Although the relatively low disease incidence appeared 
to be inadequate for comparison of all treatments, the extremely low 
rating associated with chlorothalonil treatment may be indicative of 
its control potential inasmuch as this compound provided outstanding 
control in a similar test conducted in 1971. 


3. Cercospora leaf spot (Cercospora beticola). 


Fungicide screening tests - Two experiments were conducted in field 
plots of variety US H20 artificially infested with dried sugarbeet 
leaf inoculum, applied at 49.2 liters/acre. In Experiment 1, the ef- 
ficacy of 11 fungicides at various dosages and spray schedules was 
tested. Surface protectants as well as systemic compounds were in- 
cluded. In Experiment 2, the efficacy of foam application of benomyl 
was tested. Foam, as a fungicide carrier would be especially desir- 
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able in aerial applications because it reduces drifting of the spray 
and consequently increases the likelihood of a fungicide reaching the 
target. Beginning 19 July a total of 4 spray applications were made 

at 14-day intervals and 3 were made at 21-day intervals. Sprays were 
applied with a C0 ,-activated, hand-operated sprayer in 60 gal. water 
/acre. Foam applications were made by the addition of a foaming agent 
at indicated rate and by the use of special nozzles. Each plot com- 
prised two rows, 20 ft long in Experiment 1 and 60 ft long in Experi- 
ment 2. Plots were graded according to disease severity on 28 August 
and 6 September. All of the treatments in Experiment 1 reduced leaf 
spot damage significantly below that of the control (Table 1). Beno- 
myl (2 and 4 oz a.i.a.) and thiophanate methyl (2.8 oz + spreader-regu- 
lator and 5.6 oz a.i.a.) were outstanding among the treatments, even 

at 21-day schedules. In Experiment 2, foam application of benomyl was 
just as effective as conventional aqueous spray application and no phy- 
toxicity symptoms were noted. 


Aerial application of fungicides - In experiments conducted coopera- 
tively with H. S. Potter, Michigan State University and with the 


Northern Ohio Sugar Company, aerial application of several surface 
protectant and systemic fungicides with several spray adjuvants was 
tested. Sprays were applied by fixed wing aircraft at 5 gal./acre 
after disease symptoms had been noted. Experiments were conducted in 
two commercial fields near Monroe, Michigan and one near Old Fort, 
Ohio. Treatments were replicated twice and applied to plots wide 
enough to accommodate 3 passes with the aircraft and ranging in length 
from 80 rods to .3 mile according to the experiment. Determinations 
of leaf spot severity made 25 September indicate good disease control 
with all treatments (Table 2). Root weight data obtained from 

six 10-ft sampling strips per plot show average increase in root 
yield of treated vs untreated plots at Haack farm = + 24%; at Greening 
farm = 30%; at Molyet farm = 25%. No significant differences in per- 
cent sucrose were noted between any treatments at any location. At 
Old Fort, the addition of a foaming agent substantially reduced later- 
al spray drift and appeared to improve spray deposition on foliage 
with no indication of impairment of fungicide effectiveness or phytoxi- 
city. 
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Table 1. Results of tests with fungicides to control Cercospora leaf spot disease of sugarbeet 
at East Lansing in 1972. 











Spray Disease aevetiiy 
Treatment and rate (a.i.a.) and (per 100 gal.) frequency f rating 
(days) Aug. 28 Sept. 6 

Experiment 1 
Benomyl 50W, 2 oz 21 Lei: 
Benomyl 50W, 2 oz + oil, 2 qt 21 sry 
Benomyl 50W, 4 oz 21 0.4 
Chlorothalonil 6F, 1.13 lb 14 Jee: 
Chlorothalonil 75W, 1.13 1b 14 2.6 
Chlorothalonil 75W, 1.13 lb + spreader-sticker, 1 qt 14 2.4 
Chlorothalonil 75W, 1.5 1b 14 2.8 
Cupric hydroxide (56% Cu)W, 1.12 lb 14 2a 
Cupric hydroxide (56% Cu)EC 1.12 1b 14 Sark 
Cupric hydroxide (56% Cu)EC 2.24 1b 14 pas 
Cuprous oxide 75W, 2.15 lb 14 Ses 
TBZ 42.28EC, 2.85 oz 14 2.0 
Thiophanate methyl 70W, 2.8 oz 14 er, 
Thiophanate methyl 70W, 2.8 oz 21 Zot 
Thiophanate methyl 70W, 2.8 oz + spreader-regulator, 1 qt 21 0.6 
Thiophanate methyl 70W, 4.2 oz 14 1.8 
ihiophanate methyl 70W, 4.2 oz 21 Zee 
Thiophanate methyl 70W, 5.6 oz 21 0.9 
Triphenyltin hydroxide 47.5W 14 Ze 
Triphenyltin hydroxide + zineb 18.5 + 18.5W, 10.8 oz 14 2.9 
Zineb (25%) + S (20%) + Cu (5%)W, 2.15 1b 14 3.6 
Control 4.3 

LSD (.05) 0.9 
Experiment 2 
Benomyl 50W, 2 oz 21 i ae 
Benomyl 50W, 2 oz + Foaming agent, 2 qt 21 a2 0.8 
Control 355 4.5 

LSD (.05) Ons 0.6 


1/ 


— Ratings based on a numerical index from O(no symptoms) to 9(complete defoliation). Results 
are based on four replicated plots, each comprising two rows, 20 ft long in Experiment 1 and 
60 ft long in Experiment 2. 
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STORAGE CHARACTERISTICS OF INDIVIDUAL ROOTS 
WITHIN SEVERAL BREEDING LINES 


R. C. Zielke 


Impurity constituents in stored beet roots may vary considerably de- 
pending upon the length of storage time, temperature, agronomic practices, 
and varietal characteristics. The more dynamic impurities in stored 
roots in Michigan are reducing sugars (invert) and raffinose. Smaller 
flucuations may occur in the amino acid, potassium and sodium fractions. 


Roots of several breeding lines were analyzed after storage to de- 
termine relative differences between roots and between breeding lines. 
If differences are great enough, then selection methods might be used to 
develop new lines which would store considerably better than present 
varieties. 


Roots for this preliminary study were harvested as mother roots in 
October, 1970 and held at 40 F in small fruit crates having a poly liner. 
bry wood chips were spread around the roots inside the closed liner to 
control excessive moisture. Roots were kept in storage until August, 
1971, then unpacked and the rotten or partially rotten were discarded. 
The DFS Method (1) was used for clarifying and analyzing the juice sam- 
ples from each root. Raffinose and reducing sugars were determined with 
methods reported by Dexter, et al (2). 


Table 1 gives the results of these analyses. No fresh data were 
available for each root for comparative purposes, but agronomic results 
of roots harvested from similar lines in the same field indicated that 
clarified juice purities (% CJP) ranged between 90 and 96%. Roots in 
this study ranged between 9.8 and 16.5 in sucrose content, 61.2 and 94.5 
in % CJP, 68 and 1940 mg raffinose/100g sugar, 969 and 46,537 mg reduc- 
ing sugars/100g sugar, and 5 and 272 pounds of recoverable white sugar 
per ton (RWST). The ranges in quality and impurities were very large be- 
tween roots and, to a considerable extent, between breeding lines (line A 
vs. line C, for example). One would surmise from these results that con- 
siderable heterogeneity may exist in breeding lines for loss of sucrose 
through respiration and conversion, loss in CJP from lower sucrose and/ 
or buildup in impurities, and gains in raffinose and reducing sugars. 
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Table 1. Performance of individual roots of several breeding lines after 
270 days storage at 40 F. 





Breeding Root Sucrose 

Line No. Content CJP Raff. Red. S Rwst? 
(%) (%) mg/100gS mg/100gS Lbs/T 

A i 9.8 62.6 1255 42,933 14 
z 10.4 OX 2. 855 46,537 5 

3 iz.) Wee oy aos. 91 

B os 14.0 84.7 139 14,385 182 
2 14.3 91.4 PS 1,802 eit 

C 1 14.5 S267 1422 177423 178 
2 16.4 94.5 68 1,474 270 

3 15.8 O3ial! 181 Ay 20 254 

4 Poy 94.2 a3 573 se 

5 162 93.6 94 1,448 263 

6 16.5 O32 149 2,026 265 

D th tot 77.4 1042 19,695 124 
2 red, 86.1 131 '7,466 al7/il 

3 Oz 76.5 980 17,654 99 

kK ab 14.5 90.8 77 Zio LL, 
2 13.4 78.9 Ly 7, 22,480 144 

F i 2S 86.1 758 8,305 175 
2 Sie 86.6 616 One 72 183 

3 9 72.4 1382 29,218 88 

G 1 12641. 82.4 1344 11,628 146 
2 Habs T60 1940 21,447 96 

H 1 15.8 92729 150 2,540 253 
2 136d 84.7 326 7,706 170 

3 D2 i 78.8 7 18,620 128 

4 14.0 oe 126 1,924 207 

5 13.8 te. 139 969 2h 

6 1330 88.9 165 5,086 198 











Where applicable, polarimetric values were adjusted for the rotational effects 
of reducing sugars and raffinose. (J. ASSBT 15(6): 480-488). 


: Calculated using M. G. Frakes' Standard Research Formula for fresh beet. 
(Michigan Sugar Co. Research Laboratory) 
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Correlation coefficients between the quality factors and impurities 
are shown in Table 2. 


Table 2. Correlation coefficients between quality and 
impurity characteristics for individual roots of several breeding lines 
after 270 days storage at 40 F. 








ee ee 


CJP Raff. Red. S. 
% Sucrose 0.88** -0.48* -0.78%** 





Raff. 0.60** 





** significant at the 1% level 
* significant at the 5% level 
ns not significant 


Identification of the best roots after 9 months storage at 40 F could be 
accomplished with a test for CJP. Coefficients between CJP and reducing 
sugars and % sucrose are very high and are also quite indicative of raf- 
finose content. In a previous study (unpublished data - 1971, Zielke) 
where 14 roots of 1 subline were analyzed after 135 days storage at 40 F, 
correlation coefficients between CJP and other characters were as follows: 
% sucrose (0.84**), reducing sugars (-0.98**), raffinose (-0.51**), amino 
acids (-0.34 ns), potassium (-0.34 ns), and sodium (-0.03 ns). Correla- 
tions between individual root weights and other characters for this small 
study were as follows: % sucrose (-0.27 ns), CJP (-0.11 ns), reducing 
sugars (0.10 ns), raffinose (0.34 ns), amino acids (-0.25 ns), potassium 
(0.24 ns), and sodium (0.53**). Although it appears that size of select- 
ed and stored roots would not influence determinations for quality and 
impurities, the problem of maintaining yielding ability in subsequent 
generations may exist unless large numbers of roots are propagated from 

a selection on storage quality (% sucrose or CJP). 


Literature Cited 
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sugarbeet roots from various degrees of wilting at various tempera- 
tures. J. ASSBT 15(6): 480-488. 
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PHYSIOLOGICAL INVESTIGATIONS - 1972 


F. W. Snyder 


Germination and Emergence Studies 


R. C. Zielke collaborated in these studies. 
A summary of significant findings follow: 


1. The simplified gravel emergence test, reported previously, has prov- 
en to be unsatisfactory because we found that the water clinging to the 
gravel varied sufficiently to affect emergence. Emergence of a commer- 
cial seedlot hypersensitive to water was erratic and it could be sup- 
pressed significantly if the gravel was not drained sufficiently. If 
addition of water to the gravel has to be carefully controlled, the ma- 
jor advantage of using gravel is lost. 


2. We now feel that fine quartz sand (1 to 0.1 mm) at 4% ,soisture pro- 
vides a better system, since 4% moisture did not adversely affect emer- 
gence of the hypersensitive seedlot. Seeds are placed at a depth of 14 
inches. 


3. ‘The hypersensitive seedlot germinated about 80% on blotters having 
regular moisture, but would germinate about 90% on blotters kept rela- 
tively dry. As blotter moisture increased to very wet, germination was 
suppressed to about 70%. These and additional results will be reported 
in a manuscript currently in review. 


Data (Table 1) for 4 seedlots from individual plants indicate the 
following: 


a) Blotter germination is not a good indicator of emergence potential 
and it is less sensitive than emergence from sand in detecting the ad- 
verse effects of premature harvests. 


b) Although the 10-day germination data for the 50-day harvest indi- 
cates that these 4 seedlots were mature, the sand emergence data indi- 
cate that none of these seedlots were physiologically mature at 50-days, 
based on both speed of emergence and total emergence. 


c) Based solely on blotter germination data, the 4 seedlots would be 
rated as excellent, but based on the sand emergence data, only seedlots 
Al1-58 and A13-65 would be rated excellent. 


d) The data suggest that physiological maturity as measured by 10-day 
blotter germination occurs earlier than physiological maturity as mea- 
sured by emergence from sand. 
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e) Since we seek maximum emergence potential under field conditions, 
the sand emergence test should evaluate this potential more critically 
than blotter germination. 


f) Time of harvest in relation to seed performance needs to be studied 
further and we believe that harvest should be based on degree days or 
heat units to attain a greater uniformity of maturity and better seed 
performance. 


g) We now have evidence that the lower emergence potential of seed of 
two different plants (A19-611, A21-511) is not related to the degree of 
maturity. 


Table 1. Effect of maturity on blotter germination and sand 
(4% moisture, seed depth l’s in.) emergence of processed sugarbeet seeds 
from individual plants.1 


Seedlot A1-58 Seedlot A13-65 
Harvest after Germination Emergence Germination Emergence 
first bloom 3-day 10-day 7-day 12-day 3-day 10-day 7-day 12-day 
Days ’ z Z Z 4 % z ’ 
40 15 38 2 8 8 54 14 ae 
45 58 88 28 43 56 80 31 45 
50 88 100 32 56 78 75 55 13 
55 93 97 75 89 89 96 pe 90 
60 9922100 79 96 99 100 79 93 
65 99 100 84 98 oF 100 77 98 
70 100 #100 95 98 95 96 91 98 
75 96 100 a7 98 95 98 75 90 
Seedlot A19-611 Seedlot A21-511 
40 43 93 4 a 13 22 27 36 
45 74 89 Se 66 - - = = 
50 73 95 “2 64 58 ok ae 66 
a2 93 96 ae 71 = = os 7 
60 96 99 al. 66 54 100 a2 77 
65 3547 6100 ao. 72 = 7 F ~ 
70 99) a L00 29 66 60 100 56 78 
75 95792100 ae 75 - a = =< 





LL NN 


Percentages not corrected for non-viable seeds. 
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Leaf-area Accretion Studies 


Additional data are being accumulated but results are incomplete, 
therefore no report can be made on new phases of study at this time. 


In a more detailed analysis of data presented in Table 3, page E38 
in the 1971 Sugarbeet Research Report, the following rationale was used. 
If we assume that the efficiency of a sugarbeet plant is an important 
component of yield and that in the seedling stage efficiency can be ex- 
pressed as a ratio derived from 


Root weight in prams or eeem Root weight in grams 
Leaf area in cm Leaf blade weight in grams 


then the larger the ratio, the more efficient the leaves are in produc- 
ing root weight. Other questions follow: Do cultivars differ in this 

efficiency? Do the smallest seedlings and the largest seedlings within. 
a given cultivar differ in efficiency? Are trends, if any, consistent? 


The mean ratios for Exp’t 28 and 41 (Table 2) differ by about a 
third. This suggests that cultivars may actually differ in the efficiency 
with which they produce root weight. The range in the ratios for indi- 
vidual plants of 02 Clone exceeded 2-fold and for US H20 3-fold. The 
fact that the ratios differ much more for individual plants within a cul- 
tivar than the averages between cultivars is, in my opinion, a very im- 
portant observation. This large variability suggests that, at least for 
sugar beets, there is a good chance that re-selection within the compo- 
nents of a hybrid could improve the overall efficiency and increase yield 
for the redesigned cultivar. The possible heritability of such traits 
needs to be investigated. 


With the possible exception of cultivar B, (Table 2) the plants with 
the largest leaf area or weight seem to produce seedling root weight at 
least as efficiently as those with the smallest leaf area and weight. 
Uniform plants are not available, and reliable experimental techniques are 
not readily available to relate seedling root size to root size of the 
same plant at the end of the growing season, thus it may be difficult to 
carry out definitive research on this relationship. 


Physiology of Hybrid Vigor and Inbreeding Depression of Vigor: 


Elucidation of the physiological mechanisms controlling plant vigor 
is a major biological challenge and should aid man in producing more food 
and fiber. The sugarbeet exhibits a wide range in vigor and has some 
other attributes useful in these studies. 


The study, undertaken this year, has encountered some minor problems, 
but progress has been made in developing nutrient media to support good 
growth of explants of root tissue. Two immediate objectives are 1) to 
determine whether differences in growth in culture can be detected be- 


- E30 - 


tween slow-growing highly inbred parents and their vigorous F,'s, and 2) 
to develop genetically uniform plantlets for use in physiological and 
pathological research. 


Table 2. Seedling leaf and root production of some sugarbeet 
cultivars grown in growth chambers for 25 to 30 days after emergence. 


Ratio 
Expot. Cultivar No. plants Leaf Leaf Root Root wt. Root wt. 
_nho. averaged area wt. wt. Leaf area Leaf wt. 
Cm2 G 
28 US H20 5 smallest 349 16.4 1.90 0.0054 0.1159. 
5 largest 574 23.5 3.56 0.0062 0.1515 
29 A 4 smallest 630 26.0 2.98 0.0047 0.1146 
4 largest 970 41.1 4.36 0.0045  #£=0O.1061 
29 B 4 smallest 51491975 2.44 0.0047 0.1251 
4 largest 859 33.2 3.36 0.0039 0.1012 
30 c& 4 smallest. .485 .22.3...2.35 ..0.0048 0.1054 
4 largest 753¢e32 50 aay 0.0045 0.1053 
36 D 4 smallest 449 18.5 1.60 0.0036 0.0865 
4 largest 7aleee lal 2.99 0.0041 0.0961 
41 02 Glone* 5 smallest SOD ae ees 2 0.0036 0.0930), 
5 largest 7632 30.9 3.05 0.0040 0.0987 


based on 40 plants, . on 18 plants, all others on 20 plants. 
4 mean ratio for 40 plants 0.1528 + 0.0422 
. i ode "0.1004 + 0.0218 
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BREEDING SUGARBEETS FOR RESISTANCE 
TO BLACK ROOT AND LEAF SPOT 


G. E. Coe 


Research work on sugarbeets at the Plant Industry Station, Beltsville, Md. 
is directed mainly toward varietal improvement in resistance to Aphanomyces 
black root and Cercospora leaf spot, important diseases in eastern United 
States. 


Highlights of the work at Beltsville are set forth in this report. 
Progress Report on New Nursery Testing Techniques 


The new method of space planting the Beltsville sugarbeet leaf spot nursery 
at 4 and 6 inch spacing in 2 ft. rows (see p. E68 of 1971 Sugarbeet Research 
Report) was used again in 1972. Conditions for seed germination were poor. 
A beating rain 4 days after planting formed a hard crust on the soil surface. 
This crust was softened and kept soft with sprinkler irrigation until the 
seedlings emerged. A satisfactory stand for leaf spot testing was obtained 
but emergence was only about 60% to 70% for most lines tested. Early weed 
control was good, but it was necessary to hoe the plots twice between 

July 10 and Aug. 1. This poor weed control in midseason was partially due 
to excessive rainfall which washed post-emergence herbicides from the soil. 
A severe leaf spot epidemic was produced in 1972, and the leaf spot nursery 
test was considered very good. The new method for planting and handling 

the Beltsville sugarbeet nursery are considered the best we have used and 
will be continued until means of improving them are devised. 


One change was made this year in obtaining pulp from 10 root samples. The 
beets were run through the rasp without removing the crowns. The reasoning 
that prompted this change is: testing should be made on the type of material 
closely approximating that which goes into the factory. The overall sucrose 
percentage and purity of root and crown should be the basis for comparing 
both hybrids and breeding lines. 


Breeding for Black Root Resistance 


Greenhouse tests in 1972 indicate that progress is still being made in im- 
proving resistance to Aphanomyces black root disease. In 1971, I reported 
that a new elite multigerm line SP 6934-0 exhibited outstanding resistance 
to black root. This line is now being used as the resistant check in the 
black root testing program. Approximately 5% of the 1971 multigerm breeding 
lines exhibited more resistance to black root than SP 6934-0. The average 
black root resistance of the 1971 lines appeared to be about 4 points (in a 
50 point range) better than the average of the 1969 lines. It is doubtful 
that the actual increase in resistance was this great, but no doubt some 
improvement was made. Nursery tests indicate that yield potential of the 
breeding lines has decreased slightly when grown in the absence of black 
root and leaf spot diseases. Great emphasis will now be given to increasing 
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root yield potential. This will probably result in a much slower rate of 
improvement in disease resistance, sucrose percentage and purity, but 
yielding potential must not be allowed to decline further. 


Progress in Improving Leaf Spot Resistance 


The leaf spot epidemic in the 1972 Beltsville sugarbeet nursery was the 
most severe it has been in many years, resulting in an apparent better 
separation of degrees of resistance among the most resistant breeding lines. 
The average resistance of the breeding lines, however, appears to be no 
better than it was in 1970 indicating no significant improvement. It would 
be erroneous, however, to conclude from one year's results that selections 
for resistance are only maintaining the present resistance level. Lines 
which would have appeared to have excellent resistance under a less severe 
epidemic probably exhibited only good resistance in 1972 bringing the over- 
all average of the breeding lines down somewhat. Even so, this average 
resistance is much better than the resistance of existing commercial hybrids, 
and the most resistant breeding lines approach field immunity. 


Testing of Globe-Shaped "Sugarbeets" 


The 5 globe-shaped hybrids tested in observational plots in 1971 and 2 
additional ones were tested in observational plots in 1972. The rows were 
spaced 6" apart and the seeds were spaced 6" apart in the row. The 
results were disappointing again this year. 


Roots Sucrose Other Plant 

Variety T/A 7 Solubles Population 

» i Plants/Acre 
69550-01 X 6322-0 8.01 137 3.45 62,200 
Hybrid #1 8.93 10.8 Sool 53,500 
"#2 8.34 11.8 Be23 59,100 
eee SS: 7234 11.4 a Py 54,800 
"#4 LIZ 5@ 13 e7 as20 95,800 
"#5 6.00 L077 3.04 54,100 
"#6 6.63 11e2 3.60 67,200 
TORRE 7.84 Lies 3.07 61,600 


Root yields including the check plot were extremely poor ranging from 6.0 
to 11.5 tons per acre. This is a sharp contrast indeed to last year's 19 
to 28 ton yields. Adjacent plots of sugarbeet breeding lines planted in 
2 ft. rows with 6" spacing of seeds yielded about 15 tons per acre. 


Sucrose percentages gave the same picture as in 1971. The sugarbeet 
hybrid was much better than the globe-shaped hybrids. The percentage of 
soluble nonsucrose solids also gave the same picture as in 1971. The 
globe-shaped hybrids were lower in these constituents than was the sugar- 
beet hybrid. However, the content of soluble nonsucrose solids will 
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undoubtedly increase as the sucrose percentage increases in improved 
globe-shaped beets of the future. Hence, this apparently desirable 
characteristic may not be as good as it looks. 


Breeding Globe-shaped Sugarbeets 


Globe-shaped beets recovered in the F_ generation from a cross of SP 6822-0 

x globe-shaped beets were "back-crosséd" to SP 6922-0. The F generation 
from this backcross was planted in the Beltsville nursery in 1972 to recover 
globe-shaped beets for further backcrossing. Only a few perfectly globe- 
shaped roots were found among 70 progenies planted in 5200 ft. of row. 
However, numerous root types intermediate between the globe-shape and spindle- 
shape were present. Also, many roots with extremely small crowns were in 
these plant populations. Figure 1 shows an ordinary multigerm sugarbeet root 
of SP 7122-0 and 2 selected roots which have small crowns and smooth roots 
relatively free of lateral roots and root hairs. 


The weights of crowns and roots of these plants were as follows: 


Root weight Crown weight Ratio Root:Crown 


Sugarbeet (on left) Zee LDS « On. DS. SL 
Selection (center) Pe SOPLDS - 2 LDS. Ades, 
Selection (on right) PolGe Ds. -24 lbs. ea! 


These selected roots were set fairly deep in the soil being no more exposed 
than ordinary sugarbeets. Their smaller size is, of course, not particularly 
desirable since it would take more per acre to produce yields comparable to 
present commercial hybrids, and there is as yet no assurance that higher 
plant populations per acre would not result in still smaller roots. 


The F_ progenies from these backcrosses had leaf spot resistance comparable 
to présent commercial hybrids. This amount of improvement is gratifying 
considering the extreme leaf spot susceptibility of the original globe- 
shaped beets 4 generations before. Selection emphasis in this material 
will be on root shape, yield, sucrose percentage and purity. Additional 
disease resistance will be realized with additional backcrosses to resistant 
sugarbeets and will be relatively easy to achieve compared with the other 
needed improvements. 


One apparent globe-shaped 0-type was discovered in 1972. It has the red 
garden beet pigment and will be useful only as breeding material. 
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SP 7122-0 | SELECTION 





Fig. 1. Commercial type sugarbeet, SP 7122-0, and small-crowned smooth- 
root selections. 
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Sugarbeet Storage Decay 


W. M. Bugbee 


Selecting for resistance to phoma storage rot 


In our continuing program to locate roots that are 
resistant to phoma storage rot, over 3,700 roots were 
inoculated after harvest this year. Betaseed, Inc. 
contributed 1,495 roots from 18 of their breeding lines. 
Four of these lines looked promising because about one- 
third of the roots appeared resistant. A total of 232 roots 
were saved from this group. American Crystal was able to 
contribute 177 roots of a pollinator they use in producing 
their new high sugar variety. Four of these roots appeared 
resistant. In addition, over 2,000 roots from 20 entries 
in a "variety test" are being evaluated for resistance. 
Resistant selections have been planted in the greenhouse 
for seed production, further progeny testing to confirm the 
resistance, and additional selection to improve the quality 
of resistance. 


Effect of temperature on varietal response to Phoma 


In earlier work, sugarbeets were inoculated and 
incubated at 10°C (50°F). This temperature was chosen 
because it is common in storage piles early in the campaign 
and it is the lowest temperature at which Phoma can do 
appreciable damage. But it was found that the rate of decay 
was too slow for a quick or practical evaluation of 
resistance. Also, the differences in disease reaction among 
varieties were not great. So the test was performed again 
at 15°C. At this temperature the rate of decay was more 
rapid and more varieties were susceptible. But the rank 
of the various cultivars and experimental lines remained 
about the same from one temperature to the next. For 
example, B-96 and 69MSH140 were near the top and American 
2B and A-58 (a fodder beet) were near the bottom (Table 1). 
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Table 1. Disease rating of sugarbeet cultivars after storage 
roots were inoculated with Phoma betae. 





LOC for’ ~15Ceror 





Source Entry 8 weeks 3 weeks 
Betaseed Co. B-96 a7 aa/ 114 a 
Betaseed Co. B=34 57 a 143 a 
Great Western Sugar Co. 69-MSH-140 6la 104 a 
USDA, Ft. Collins FC-701 64 a 139 a 
Betaseed Co. B-951 67 a Lore 
Great Western Sugar Co. 68-MSH-155 72 a 122 a 
Great Western Sugar Co. A-1492 78 a 135 a 
American Crystal Sugar Co. 3N 82 a 129 a 
American Crystal Sugar Co. 3A 88 a 164 ab 
Great Western Sugar Co. GW-H36-70R 88 a 162 ab 
Great Western Sugar Co. GW-H45-70R 89 a 138 a 
Holly Sugar Co. HH-19 925 a 183 ab 
American Crystal Sugar Co. Improved 3T 93 a 167 ab 
American Crystal Sugar Co. 3T 98 a 163 ab 
Bush-Johnson Ltd. Bush-Mono 102 a 179 ab 
Great Western Sugar Co. 69-MSH-121 103 a 149 a 
Holly Sugar Co. HH-10 OS 161 ab 
Bush-Johnson Ltd. Monofort Li1 a 158 ab 
American Crystal Sugar Co. 2B 126 ab 240 b 
USDA, Ft. Collins A58 (fodder) 216 b Ligean 





a/ Disease rating: sum of the length and width of lesion 
in mm multiplied by 5. Each value is an average of 24 
roots. A rating of 30 indicates apparent immunity. 
Means followed by the same letter are not significantly 
different at 5%, based on Duncan's new multiple range 
test. 


Another test was performed for a more critical examin- 
ation of the effect of incubation temperatures on varietal 
response to decay. B-96 was chosen as the resistant and 2B 
as the susceptible cultivar based on the results from the 
15°c test in Table 1. Here, the roots were quartered 
longitudinally and one quarter of a root was inoculated and 
placed in 10°, 15°, 20°, or 25°C, or all quarters were 
placed in one temperature. This removes the variability 
found among roots because it is similar to exposing a root 
to four different temperatures simultaneously. The data 
showed that as the temperature increased, decay increased 
as would be expected. But at 20-259, the rate of decay 
leveled-off. Both cultivars appeared resistant at 10° or 
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15°c but at 20-25°C, B-96 was more susceptible than 2B. The 
differences between the two cultivars were evident after 

2-3 weeks of incubation. So _now all of the incubation and 
screening work is done at 23°C for 3 weeks. This reversal 
of varietal susceptibility has been noted in other host- 
pathogen combinations. 


Table 2. Disease rating of two sugarbeet cultivars after 
roots were quartered longitudinally and inoculated 
with Phoma betae. 


Incubation temperature, °C 


Cultivar Weeks 10° 15° 200° 25° 


four quarters within each temperature 





AS 75 1m 98 klm 210 gh: 156 hijk 
2B 2 170 hij ZL0F gh 472 be 310 ef 
3 261 efg 322 e 592a 529 ab 
Hy 56 m Neate el mes Brel [Kk ye2 45 erg 
B-96 2 134 ijkl 254 efg Z2i2mnetg 40ld 
3 202 ghi 410 cd 451 cd 5S isa 
four quarters among temperatures 
1 80 i eee 210 efgh 182 gh 
2B 2 192 fgh 255 efg 326) ca 305 de 
3 281 efg 37 ee 498 b 422 be 
1 eae oe eaZegn 218 efgh 
B—96 2 194 fgh 258 efg 468 bc 495 b 
3 286 ef 410 be 658 a 70l a 


rn 


a/ Disease rating: sum of the length and width of lesion 

= in mm multiplied by 5. A rating of 30 indicates apparent 
immunity. Means followed by the same letter are not 
significantly different at the 5% level, Duncan's new 
multiple range test. 
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Effect of nitrogen fertility on storage decay2/ 


It is established that excess nitrogen fertility can 
increase impurity levels, lower the sucrose content and 
impair sucrose extraction from the juice. It is also known 
that impurities increase during storage and that susceptibility 
to decay increases with storage. The objectives of this 
study are to: 1) measure the reaction to Phoma of roots 
grown under different nitrogen levels; 2) determine the 
impurity levels in beets grown at different nitrogen 
fertility levels before and after storage and 3) determine 
if there is a correlation between the impurity level and 
amount of decay caused by Phoma. Roots were randomly 
collected from three nitrogen fertility demonstration plots 
and divided into two groups. The first group of roots was 
inoculated within 3 weeks after harvest. There were no 
differences in decay among the nitrogen treatments. The 
second group of roots were inoculated after 80 days of 
storage. The data has not been completely analyzed but 
preliminary results indicate that roots become more. 
susceptible to Phoma during storage if they are grown under 
low nitrogen levels. This was especially evident from farm 
C where more decay occurred in roots that had an impurity 
index below 400 after 80 days storage. These roots also 
had the highest sucrose content. Analyses are now in 
progress to determine if there is a correlation between the 
amount of decay and certain components of the impurities. 








1/ In cooperation with Mr. Ron Torkelson, Sugarbeet 
Extension Specialist, North Dakota State University. 


Survival of Phoma 


Phoma is seed borne and is a constant problem as 
a seedling disease organism if the seed is produced in a 
humid environment. A recent examination of seven commercial 
cultivars showed that an average of 9% of the seeds were 
infected with Phoma after 2 years of storage. The range was 
2-24%. In our area, many seedlings survive attack by 
the fungus and continue to grow to a mature healthy looking 
root. But after harvest and storage decay can start. One 
obvious answer seems to be the use of fungicides on the seed 
to control the fungus but the only fungicides that are 
effective are the mercury containing compounds. These, of 
course, are dangerous and some are now illegal. Another 
answer might be the exclusive use of Phoma free seed which 
is produced in the dry climate of Arizona. But there is a 
high risk in depending on a single location for all seed 
production. 








- E39 - 


A better understanding of factors controlling the 
Survival of Phoma in soil could aid in control. I have 
shown that Phoma can invade the roots of soybeans, alfalfa, 
oats and barley in the greenhouse. So, last year I planted 
small plots of wheat, oats, barley, sugarbeets, soybeans, 
alfalfa, and included black fallow and alfalfa and soybean 
fallow. The crops were plowed down and plant material of 
each of these crops was infected with Phoma in the 
laboratory, then wrapped in envelopes of fiberglass screen 
and buried 6" in these plots. Next spring and throughout 
the summer we will recover these samples and determine the 
Survival of the fungus. We already know that Phoma can 
overwinter quite easily on infected sugarbeet tissue. 


In order to assay field soil for the presence of Phoma 
we need a method of culturing it from samples of field soil. 
Phoma is unique in that it produces characteristic swellings 
and growth patterns when it contacts a glass surface. I 
used this feature to verify the presence of Phoma in soil 
samples from our disease garden at Fargo. But this is a very 
time consuming method. A simpler method would utilize a 
selective culture medium that would inhibit the growth of 
most common soil inhabitants except Phoma. Colonies then 
could simply be counted on culture plates. This has been 
done for other pathogens and we are currently working on 
this for Phoma. 
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